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BACKGROUND OF THE I NVENTION Field of the Invention [0001] Enbodi nents
of the pre¥@3f913{A8ht i on generally relate to a method fREA7/SRHENEBHY
si dewal | spacers for gate stacks on sem conductor substrates.
Description of the Related Art [0002]U tra-1arge-scale integrated
(ULSI) circui tsl%épi cally include nore than one mllion transistors

that ar BPRORN BORRNNTRIBE NERVED MATHRIAM-SBEBOSTION o

performvarious functions within gefheptroni c device. Such
transi stors may include conpl enentary netal - oxi de-sem conduct or

(CMOXS) field effect transistors. [0003]A CMOS transistor includes a
gate sﬁ&wmtmen a source region and a drain
regi on defj lg' iin the sem conductor substrate. The gate structure

(st ack) 'ﬁ'@'lré,fre F’I'?"%‘%ﬁ‘ﬂh ses a gate electrode formed on a gate

di el ectgi.c. material. r. n w, of char

carri ofdtofhcn Ek8meHE A HE dFelil B ERSERANE B Ch PREEer

f or ned predweiransitbwalli spacers éwigate atadks be semivopeluciyisobstraes.as to turn
the transistor on or off. Typically disposed proxi mate the gate stack

Is a s . l.aye | f a sidewall. Sidewall spacers serve
severaﬁ%&kﬁt%n@th%@%%ﬁcﬁégsel ectrically isolating the gate

el ect r esidaf ' ONIHAYAIGE-RBfE ﬂFé’ljéQteﬂo( R SrcRlts %@%@g@@gﬁ% morg 4L 6hé NI

the gate stack from™“physical "degradati‘on duri rocessi ng
st eps, malignptransigiony that g génmexd onpias seméicdraluctosr sulwstiateat @t whieh

D o ChPlsratd A AP IS ARRor Ui A Uedifori bETEe. " 508h TahSHldH
may include complementary metal-oxide-semiconductor (CMOS) field effect

transistors.

[0003] A CMOS transistor includes a gate structure that is disposed between a
source region and a drain region defined in the semiconductor substrate. The gate
structure (stack) generally comprises a gate electrode formed on a gate dielectric
material. The gate electrode controls a flow of charge carriers, beneath the gate
dielectric, in a channel region that is formed between the drain region and the source
region, so as to turn the transistor on or off. Typically disposed proximate the gate
stack is a spacer layer, which forms a sidewall. Sidewall spacers serve several
functions, including, electrically isolating the gate electrode from source and drain
contacts or interconnects, protecting the gate stack from physical degradation during
subsequent processing steps, and providing an oxygen and moisture barrier to

protect the gate metal.

[0004] A conventional gate stack is formed from materials having dielectric
constants of less than about 5 (k<5) and is typically protected by a silicon nitride
spacer. Further reduction in transistor sizes will likely require gate layers having
dielectric constants of greater than 10 (k>10). |If the sidewall spacer is then
fabricated from a relatively high k (k>7) material, such as silicon nitride, excessive

signal crosstalk between adjacent interconnection lines can occur during use of the
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constants of |ess than about 5 (k<5) and is typically protected by a
silicon nitride s acer . Further reduction in transistor_sizes w |
likely requrzgwé'& B ayers having dielectric constants WT{W&(&?{O&?MG
than 10 (k>10). If the sidewall spacer is then fabricated froma
relatively high k (k>7) material, such as silicon nitride, excessive

si gnal gdvisess bahiairiel WRe Bomplcds® @bté BlcRfr6 @8NV hil® Mithd-PAS k GAGtefaRBUk<3)
during use of the device containing the conpleted gate el ectrode.
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requi si arel/oxegeisitarnkygen sndmecisiype invpeviniessss ty piotack the gate metad from
metal fromcaorrosion. Kanln addition, conventional thernmal chem cal
vapor 0%0;5005?‘%’1 on (CVD) processes used to prepare silicon nitride
spacers require high deposition tenperature, greater than 600C. Wile
t he ni tipoode sphmezch:htut&posommnanalh|tgernna§rrpbemiaal esapuav depesitfiory oLl D)
conformal it ehlegh de Slt n

o o tnpedses, disef M ploned, Kl MG oShaiett 0 deposiien <

not conpaipekatBrad §idatshviagaegooRe) i Ce/hire Neahfiidd %@af:@’fs Qe@@sﬁ@ﬂcépmlgh
t echnol ogy and beyond. wogTherefaore, there is a need

t enper dPOPEratHiRE NBVR Keyy (QQ\%QI gonfarmaality (fasrexasmplp @a%%/o)st\&*@l@sthe high
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[ 0007] Temnpatiblenithi adeandedndevies irderufactutog ddr 09 huetonntpchndiegu| and
spacer §, ( ngrhgate stack by depositing one or nore |ayers of boron
contain S)é terials and/or silicon-containing materials on a gate
stack to produce a spacer. [0008]1n one enbodinent, a nethod is

provi dqgoooepr pfFoeretyenipes subseedfa low temperature, and low k sidewall spacers

for low k gate stacks, wherein the sidewall spacer possesses the desired physical
properties of structural stability and hermeticity.

SUMMARY OF THE INVENTION

[0007} The present invention provides a method for forming sidewall spacers on a
gate stack by depositing one or more layers of boron containing materials and/or

silicon-containing materials on a gate stack to produce a spacer.

[0008) In one embodiment, a method is provided for processing a substrate
including placing a substrate having a substrate siructure adjacent a substrate
surface in a deposition chamber, depositing a spacer layer on the substrate structure
and substrate surface, and etching the spacer layer to expose the substrate structure
and a portion of the substrate surface, wherein a portion of the etched spacer layer

remain adjacent the substrate structure.

[0009] in another embodiment, a method for forming a sidewall spacer for a gate
electrode including placing a substrate having a gate struciure adjacent a substrate
surface in a deposition chamber, flowing a processing gas comprising boron-

containing precursor and a nitrogen-containing precursor into the deposition
2



i ncluding placing a substrate having a substrate structure adjacent a
substrate surface in a deposition chanber, depositing a spacer |ayer
on the sub¥Pr8¥838P ucture and substrate surface, and SACTHISAYH356
spacer | ayer to expose the substrate structure and a portion of the
substrate surface, wherein a portion of the etched spacer |ayer

remai n ' n . . Shru re. [ I n,anaot her enbodi. t,
a net ho%'%%ﬂ é)erkﬁn‘:"\n %‘éﬁigﬁ%ﬁéﬂ {hs? p‘iécpéﬁﬁ'r"&cg'%%g} ’ed%qog'g\rﬁoadgofoﬁ’crl"ﬁeﬁgéng
pl aci ngnatesiabklyernoa mavéu’mﬁtrﬁi)egamlﬁclxt and tgate sadeiaes ndnd efohbgf that Boron
surface _in a depositiaon chanber, oW ng a pr,ocessijn as .conpr,i si ng
bor on- TUEHe APHE 1BYRCABPoR HIF GatriSH5HER 2B8 b FHPSERS PHKese G1haTmino
the deppsbriib®of the CIBAPRIde BRAGTAAYRY rémainafararacbnt suehar dthRture.
chanber, depositing a boron nitride naterial [ayer on the substrate
surface and gate structure, and etchi ng the boron nitride materi al

| ayer fP18kpodP taOMRL EMRIPPENt e 2ariietvd debprovidad Shor f faksicalipgr ai n
a porti i s Tl Fdid ek | =To :
Subst r SEMiGindkibfor EGH MG BIOVHIRG PLonBURHUGSITHAER IAVINECE Backitfal
or ovi deeRskodispegnd adiegen therein Hapostingtaosontasialibeconiditride praverialilayera

ther et g e actiBalmaK o SriROhAGA! Seekratnfibafe Hator BT Bletera
sacr i f ilayjealto paskdaadspresr casttuniving spauek lines alijaegnt focthbasidewalist ofi tHe

e o b B 5o R T N B AR e S 35SS

sur f acgndtadrimeiss skl 1 ci al mask, and renoving the sacrificial nmask.
BRI EF DESCRI PTI ON OF THE DRAW NGS

BRIEF DESCRIPTION OF THE DRAWINGS

[foo11) So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[0012] Figure 1 illustrates a transistor having a gate structure formed according to

one embodiment of the invention;

[0013] Figures 2A-2E illustrates a layering process for forming spacers according

to one embodiment of the invention; and

[0014] Figures 3A-3H illustrate cross-sectional views representing exemplary

embodiments of spacer mask fabrication processes.

DETAILED DESCRIPTION

[0015] The present invention encompasses forming dielectric material adjacent

substrate features, such as forming spacer materials for double patterning processes
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nonSo that the manner in which the above recited features of the

present invention can be understood in detail, a nore parti
descripti oWOGPIFE? nvent i on, Dbri efl y sunmar i zed above quzﬁf@%ﬁ%aﬁ by
reference to enbodi nents, sone of which are illustrated in the

appended drawings. It is to be noted, however, that the appended
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are therefor der ed |mt|n% Its scope, for the
i nvent |I0an$'a9mhd¢hrrtenttoa spagar mqteatlal ip formedt iyvdepostiiogianshetshing a boron

0012] Fj t .Sk ar t
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o ose. TaatenB e e (el RR QeSS & oA oL RyER: dhpieetingra LRarBye:
mask f afiy theafor@RnRH@s lé?éﬁ‘ > eicHiS Nelifar RyeERidT&tehing ke Bbrbrenitidesaydr.

I nventi on enconpasses formng dielectric materi al adjacent substrate

features, such_as form ng spacer materials for doubl e patternin
i istor having a gate structure fori rdin
pr oces &6l Figure 1 illustrates a transistor havin te structure fo med acco d? gto

one embodiment of the invention. Referring to Figure 1, a plurality of field isolation
regions 102 are formed in a substrate 100, for example, a silicon wafer. The plurality
of field isolation regions 102 isolate a well region 103 of one type conductivity, for
example, p-type, from adjacent wells (not shown) of other type conductivity, for
example, n-type. Then, a gate dielectric layer 104 is adjacent, i.e., formed on, the
substrate 100 and on isolation regions 102, Typically, gate dielectric layer 104 may
be formed by depositing or growing a layer of a material such as silicon oxide (SiOp)
and/or silicon oxynitride, which form layers having a dielectric constant less than
about 5.0. Recent advances in gate dielectric technology indicate that higher
dielectric constant materials (K>10) are desirable for forming the gate dielectric layer
104. Examples of suitable materials to be employed therefore include, but are not
limited to, metal oxides (AlOa, ZrO,, HIO,, TiOy, Y205, and Lay0s), ferroelectrics
(lead zirconate titanate (PZT) and barium strontium titanate (BST)), amorphous
metal silicates (HfSiOy and ZrSi,Oy), amorphous silicate oxides (HfOp, and ZrQO3),
and paralectrics (Ba,Sri«Ti0s and PbZiTi..O3). High k layers containing these

materials may be formed by various deposition processes.

[0017] Further, an electrically conductive gate electrode layer 106 is blanket
deposited over gate dielectric layer 104. Generally, the gate electrode layer 106
may comprise a material such as, but not limited to, doped polysilicon, undoped
polysilicon, silicon carbide, or silicon-germanium  compounds. However,
contemplated embodiments may encompass a gate electrode layer 106 containing a
metal, metal alloy, metal oxide, single crystalline silicon, amorphous silicon, silicide,

or other material well known in the art for forming gate electrodes.



3 and for gate stacks by applying a boron-based naterial to the
substrate structures. In one enbodi nent, a spacer material is forned
by deposi tVRG"¥Ad718% chi ng a boron nitri de material, whiRCH/USRI08{059356
may optionally include hydrogen, carbon, oxygen, S|Iicon, chl ori ne,
and combi nations thereof. In another enbodi ment, a spacer material
may be red t i t er
Ry 0 [T, RAcHERORICIANG, Reef d AR LN Te oHRaTaN L A b2
et chi ndCYBeprooess -aver gatke el@;yrede I@mlﬁ(}EFl g\JphotbifiHogm'lyamesess is then

transi st or. vin .ga truc ure. forned acco ng to on
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i sol at ll@yerrtegwma photorasist rfnasmmbtlshown;; utpRé rpatt@rnl&(ihe pRbioPEEISMask B
silicon wa Iura'v%?/ of field. isolation regions 102 isolate a

vel | ré @r@}er@%t ediId )RRk YRGB Efehing the B@rdef%éﬁ'biaé’efﬂpi%@P ohr o
adj ace 0 gt Ghedd Yo t f
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on, theredusing aﬂwgrq\_o@swﬁy%ﬁoﬁweaﬁe@gﬂte@@oémdeia)@r1¢§pl caI ly, gate
di eI ectric layer 104 may be forned by depositing or growing a |ayer
of a al i) redidi %Y,

whi ch ornjl I ay@%gl{gétlurﬁé s ﬁ‘g{he?gggﬁlééc nrst antﬁq essbbﬁ‘% orﬁ?g% ga
Recent %du@gnmhard ryasiclageel @2 and (gateaelentrbd@;ayendloﬁdba'ntthalne rpbicthe

gt o oI Ere AaNE TGl i, i b B Eof T2l i ey 8L Hiind”a

enpl oy edntietivef stnectinecinglleingotie aérﬁalnmg riatérize cbf t gate redéattodexiages 106
(AI'203, zr02, Flf02, TlO%‘aﬁYZOng} LaZOS} ferroelectrics (| ead

zir coné‘f‘éefr\elaghﬁleeh?@ﬂ? W L0 LrPGliRgRg s procesaied gequenpp) the gate
anmor phesisedtht e?-'1|0|40i§te@‘éhe(d'foslﬁé%paéﬂhgrs§b§9é{tb 100RAP RO Hie fdplsl &Sah8

oxi des (Hf 02, and Zr 02) paral ectrics (BaxSri.xTi G3 and

Pbzr xT|"~’r°|at(§ZB1) regigngH - |Eh,fe@%fe@£ﬁ>ﬁtmdﬁa lnyer Hifsendrileegata diclpatic kayer dPded

by var o S 0 I
conduct e oRarls Bt SRy gy Spiebics BlowrPds ) BalY S68k s, o
di el ecgate; of apdrtegeded Gavies,allch ,astml%atmmer,eiseitt)mde Figuerl. 106 may
conprise a material such as, but not limted to, doped polysilicon,

d i b
Sodopefhol] YS! ey HlobEe g AL lth) | AR ST TR AOHBRHIAS
| ayer b@’@nsmwnsaﬂm nareafomatdlby umhiizang altbamplarﬁtpa:bce:e& d&he gjatey kkectrode
Cr Yo SRR s RSB o g B, Bl e b i
2009/ 13@&4@9%&{1&15609% GR35 [r@&&{%érrhalf grotesk (RIPPranke8l nfdicthemsbé

nitride |layer, is, deposited, such as a CVD process, over gate

el ect r 8AHOIMS o fge thepmr@ﬁ f%g%anﬂpq@r 4 partially ynderneath the gale

i ncl udiyRgedifila§bePgs.0f masking, exposing, and devel oping a
photoresi st |layer to forma photoresi st mask (not shown). The pattern

of the photoresist mask is transferred to the hard mask | ayer by

et chi n§oHe h&IRlionaly ¢ Laaformal indde dpyest (mh@hgwné in|dapositgre avay dhe
106, éhﬂ:@l JUPRRROL &R Sfm%ii&e 8 ?\J .ls%eg p%t%Bt t{\%gﬂﬁzoﬂr&ﬁiﬁﬁbqﬂ)rﬁ

hard mas ayer 108 over t gate ctro
atomic mlgratlon such as nitrogen materials from the spacer layer 126. The oxide

layer may be deposited with TEOS source gas in a low pressure chemical vapor
deposition chamber at high temperature (> 600°C). The oxide layer may additionally
be used to relax the stress between silicon substrate and the spacer layer 126 while
protecting the gate corners from the space layer 126. If low k and non-silicon-nitride
materials are used for the spacer layer 126, such as boron nitride and derivatives
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[ 00191The structure is further nodified by renoving the photoresist
mask and et chin the hard mask | ayer 108 and gate el ectr | ayer 106
down to t h¥%% f he gate dielectric |ayer 104, usi nquQlﬁlzszﬂﬁog”ﬁ%s
to align the etch, thus creating a conductive structure including the
remai ni ng materi aI of gate electrode |ayer 106 underneath the hard

mask | ayicribO§ hefeithd akide 1A rRAPAEEISE NSe® BAHRDER reblRel Myather Iow k
dielectric |ayer 104 is etched to the top of the substrate 100 and to

t he top¥atsfialhe i sol ati on regions 102. The gate el ectrode | ayer 106
and the gate dielectric |layer 104 together define a conposite

struct Ltf)e 2] 1 SOMBHEART L NAWMNASMmBodiRtcht T A inkéfitio a 9h&er IQf/erafPS with

i ntegrat device, such as a transistor, as shown in Figure 1.
[ 0020] Ithicknessisr ther @@ggétreﬁge@m abeut £parsiteebout 10053 A, cnrefgmtrly datween

oo A4 Do S!S el BTRARGIE O T B e T

pr ocess. pr O € regi on
beneat haridhalopgtthe dinditee iengtie of theesidde bf fthe mabe stagki 184, mll@cdingﬂtb@ entires .

e codpeafas SRR e arle BECodr oVt Rk ShE Galegtt ayér

di el ect1gac lha¥igs saf tirh@0@hEl gﬁﬁde@n@vdrymzealsc@@ﬁdmaalorpwpdgf bRy @xkpésut
shown) is deposited over the entire substrate surface. This oxi de

| ayer irPrieR@f the sHbsteate 1Qtkosigoiation mgianect0q.r dhcatkrfcs lAYYT 116 Hay
such asc dsege &%%&@é@nﬁ&@%&&% RRGCEs 1AY BordR Enitri eﬁpsféﬁeﬁ lag¥er
wth sourc

may be osite as In a low pressure che
vapor d:m@osbed bereih aviier maty be gepqamﬁéqyaahmycalwa@m@;pom cvchas by

| ayer addl Lona the stress between silicon

substraﬁ STHAE" ﬁ%cer eé’?g?“%@?’ ?gg(g%ﬁ(e protecting the gate corners
fromthe space |ayer 126. If low k and non-silicon-nitride materials
are usqoo2Bpr tTiee spameerayeryle6 is26en statledas reoowa the tspacer laper 126 from

deri vat SCri be ere X r be ed or,. nay
e r oottt o g TR SRalbas tHlpe PG P Yebas fiter b Seadotffg fedihuch
enbodi megionsf 10Meand \fRmh | BBst f StheC &dp | ANRIce 186,thed $libstiates K1®E Sexcapt

t he range between about 200 A to about 1000 A, preferagbly between

about 4@'@“?&"@@%%%&9%@@9 gate gtagk J et I”o%'?ﬁ)?mbé‘g'WErOftth% ]iep PEICEERe
gat e Sttﬁé ksphédr BREr & eRbel sy @ﬂtdnis%tﬂoﬁzwéteh% I658% 8l ﬁcﬁﬁo.gfoftthé saa&@r

124, "including the entire | engt t he sidewal |

eI ect r deyer| 1@perongtheeniire lrngiaokthe; W@E@'lﬂ of bodlythe gaja elentrqdﬁéawrﬂ@fi
time, the ﬂ%Bfg{ié di%&hc Jt%geol ﬁp"%ﬁ&é 'férﬁﬁrpg%l%g&r% Bgé’er9§?8|5?§6 p‘?q%lgon

of the 'subst or I atr'on regli o &rehace | ayer
may coraﬂ:errﬁwecmebcnmmem an rmptlomaidmbagagesm'é mﬁy tmdeptzsitbdwmh thetspader

material | scribed her.ein 03|te hem cal
Vapor QRISSIER: 1Y S SR SR Prackat BRARRTIF LR oRY DR gises

deposi tion. [0023] The spacer layer 126 is then etched to renove the
spacer [bozypr 1Réxtf themsubstrate 100 is subjected to a deep, high dose implant process

to form deep junction source/drain regions 148 in the well region 103. The deep
implant includes implanting ions with the same conductivity type impurities used to
form the source/drain extensions 140. At the same time, if the electrically conductive
gate electrode comprises polysilicon, the deep implant process can be used to dope
the polysilicon in the gate electrode layer 106 if not previously doped. An activation
anneal may be performed to activate the source/drain extensions 140 and deep
junction source/drain regions 148. The anneal may be performed with a rapid

thermal process (RTP).



the top of the gate electrode |ayer 106 as well as fromthe top
surface of the isolation regions 102 and from nost of the top surface
of the sub¥PrA¥8316% except i mredi ately adjacent the géﬁgﬂg?gﬁwﬁﬁﬁh.

I n one enbodi nent of the etch process, the spacer |ayer is etched by
an anisotropic etch to | eave a portion of the spacer |ayer 126 al ong
the e”g!uﬁﬁ | engidurgy 2hosE su&%@é | mte@ehsntét%ea?é $heft! iﬁEﬁJHQQE‘? | R¥Eh-
106 and the gate dielectric |ayer formng a sid spacer
| ayer 1czcsltalnwgaﬁpaézat Lﬂvﬁatrnaien@nb‘aguwe% sf@WSo@ttllaoﬁetorlatmturea%wrorlm

ma be h e
pr)c/)cess as es@ﬁt#gém@r g%oﬁr’géﬁélgié@ég@g&ﬁ%gﬁeg?@pﬁ%e été)ag?rgg ?gﬁ
i s subjHud geltet stack @24 inclhilemha dede digipdidn layer @0dsand a dae r@lemmﬂe layer
juncti oyrcel/drain re S 8|nt n 103, The_dee
o e 2o i e el p8 e Fahe o e 081, b EBsR bPL 20G < T hoGhte
i npuri tdtesk MSPR Betwbon Bblike reqibh Q&é@naldﬂambgmlzqas Fidi8 iscthtidrN@gfoHze
time, if the electrically conductive gate el ectrode conprises

pol ysi |$Qofemate Ny stivplusptispipise aswell APDbef neatine absendwaivity, for
pol ysi | d,e n t t | &R e
A act i Variploan 1EyPE QURDSE SO AETR R, ot BioRL ¥ et BT
extenleﬂmsluQMYaf@dedﬁeple} priypd.on source/drain regions 148. The anneal
may be perforned with a rapid thermal process (RTP). WO

2009/ 1 PCT, I

i ntegr itl oﬁ scégﬁe&%ﬁét?&l ncl @Q%ﬂ%}gg gg?%é%n él‘l"$5r=i|‘9rc1i &@%ﬁ@ﬁd Foatgloenrtact
mat er i dhe sieguatle of hestrtastackt 224n sh spacerdayarc2af mafiil, such asutbs bhoadre

(not sho The tra |st ruct e 2 onprise e stack 224.
The! garihah mareBal At dedistes Mttt ifcfbey FRBh. Ridesslé fust fgied?
el ect r atecid 294 randOthe £odwé/dralra9rbgrbﬁy@r122@84l S AhoopRhaP néMRYBRRE7 is
el ectréf ayer 206. The ate stack 224 is_between source regi on 212
and dr erl?oﬁ@%fﬂﬂ tlzquacpqré YT 228 8% sBAWR dyyiFimue 28> The dipa layeridsd may

struct Woghdrel Atftride Wakateridd 3sidh QQ%lﬁdbﬂenmdéoéﬁHJ?ﬁéW bbYdepdted to
exanpl e, an n-type (NMOS), from adjacent well's (not shown? 1J anot ﬁer

type ofthisknrescetweer | alofne)tZ 1%andhakout 9964, fer e{@oge} hetyyraneabduiyiére and
and 11 noul 3Y07 of3RL 18EPYASRRSE %?ﬂaeag&acggga%g 38 ﬁr?e(itlﬁ} o ORML! S

of the gate s spacer ter| suc
bor on- rilne folldwmgadmuaitormsoﬂn@eteid/tatthamlushtm ebrhedxpmona!ljmér rweeim? the

d d k 224 h /
214, ARG ETHENSs 28T SuBPBRG ee S Pt (i kB PRyErhe 26

as shownedanckidgurlimeByedhe |ine layer 227 may conprise a nitride
material, such as silicon nitride, and may be deposited to a

t hi ckness bet n.abopt 1% and about 99% .for ex | e, petween ab
10% aniPBHou o diae e’ £57 ainad iR e SriotoREaln Rigied 1y enpase 1

l'iner  IhayigsntdRgorti¥hs lop thd @nbioiyisyispacsleiagsr Rigtérinl i22adbfr Bet §thckp léyée
inclusion of the optional |iner Tayer 227, the invention contenplates

t he subB2BgdedopPoReEiguRtiliy p@?ﬁ‘ aniseliopict Alshing: Reocspe gy EopTPrge a
liner IopMala of Hof! [ﬁgg}ﬁ aldi@fhg |i¥&Lss2ddin Of:ﬁ%'r‘ﬁfba?% B Yk OBLER dsYa

et ched to expose t orizon portion he "underTyi®ng’ spacer
| ayer mydrwgealfrezXdBioodcarinen nghiding ﬂoay}mma%cfs atmbiona hydrléggumenmnnghe

ot chi njopieba el e el O 216 B8 e S0 058 AT LB oo

f1 uor ogdepon including for exanple, CF4, and/or a hydrogen containing
fl uorocarbon, including, for exanple, CHF3, and an optional inert
gas, such as

| ium (He). .
[0028] hf%e expgsea underlying spacer layer 226 material may then be
isotropically etched to expose the top portion of the gate stack 224 and source/drain
regions 212, 214, to form spacers of spacer layer 226 and line layer 227 as shown in

Figure 2D. Alternatively, the liner layer 227 may be completely or substantially
7



[ on] The exposed underlying spacer |ayer 226 nmaterial nay then be

I sotropically etched to expose the top portion of the k 224
and sourceW&rzéW%‘s?lé%l ons 212, 214, to form spacers of g%(;r?[éﬁ%(fg&%q'?ﬁ

226 and line |ayer 227 as shown in Fi gure 2D. Alternatively, the
liner |ayer 227 may be conpletely or substantially renoved fromthe

spacer feayfeddrdn the pkber h@ye'ﬁ me%runhgxr@é 36&%1‘%3@? FPEARER Provesor by a
subsequent processing step.” The isotropic_etching process may

conpr | s@t@egua@rmowsmstspaéfm 80l GIGHNSLRIOSEHS MAY corepise «%alasma
et Chantorg@?:gf%léan d?ﬁhﬁgﬁ%ﬂé@@fﬂs& eaeclfléﬂ'lﬂ'épg?:rnuor é;c%dﬂ:ﬂ' | nc oghen

exanpl e, rogen ontalnln
for exafmpd efjuo@b@bomnmotudmgz |fmg ayagiple, n(‘]zﬁﬂl agdfoor a ekpdinogen omgtgmmg

dan t i.onal as, S on (Ar Fi gure 2E
P Elst ifcuBBaBh BRTton B Bt iR B FNERRole. ind g iy B oigs
devi ce @@bendOL), aad aﬂ&ibnbﬁaldﬁ@@@aéeamhrastetrgoﬁmt)cture 200, and
strain-inducing layer 232, which may be a boron-contai ni ng materl al ,

d t ed th 234 i ited
Str ot PR SEich 2F Bebratas R oetastir By ehgal Viminabag for

then depasddw@ 20M.t RelifrRIBH aﬂﬁsité@ainemevwd@tmﬁ@no:eandna?diﬁmming
polishing (CVMP). The pre-netal l ectric layer 236 is then

pat t er rlayer 233 whieh maef breadioren-speiaining maigia!, sateposited eaghe diper 230,
strain- Agt‘igcéag‘?fs ltﬁ%’r?ﬂﬁg&%edwmeaﬁrﬁn g@gemgqaigmy ng ré'rﬁétgggﬁléc‘cﬁ?:er

230 are contact via at e
[ 0030] ThyebPMR) R3G isiéhéraydepesipacdbwindtite lbep e234 m;zl treatedbwith sehteraisal

strain-_induci . anpl e Q Lfri l. ayer bhe

depos! 1BECRGH PadHE0 JoME o File PEe e BB a RV o255, o8 Hi HRerREa

lrJ egi ond@fd thet pn@rrae&l di‘elec'ﬁl’tela@b}: aBe; thmgt/m:p g4, bstramnrrdudngdlayéagam mtym
e used w i ner ., underneath it_and/or a.cap on top

li ner aﬁmabarm igingfijm, and diner 5%%%9@8%‘59?0%3&%@ via 233 t° the

strain- @ﬂé%&kﬂ@ghoron containing layer. The | ower boron content of
the liner and cap | ayers extends the use of the strain-inducing boron
nitride | ayer by providi better insulating properties, such as

r educed®¥®hkag & (HOF@ 1NEe B Y18 PN EHaNB1elih 8183h 859N bE chitesh s Strain-

strai n-j ﬁé EyepOT or BikhpRe %l%hsnltr{o@QﬁiirTﬁ%ylHé‘@épgs?l%d%r%aﬁat%?’df

may be siliconnitride, boron nitride,
structure to induce strain in the channel region of a transistor. The strain-inducing
boron nitride layer may be used with a liner underneath it and/or a cap on top of it.
The liner and cap layers have a lower boron content than the strain-inducing boron
containing layer. The lower boron content of the liner and cap layers extends the
use of the strain-inducing boron nitride layer by providing better insulating properties,
such as reduced leakage current, compared to the higher boron content, strain-

inducing boron nitride layers.

[0031} The liner 230 and cap 234 may be silicon nitride, boron nitride, or boron
oxide layers, for example. The liner 230 may have a thickness of between about 2 A
and about 500 A. The boron nitride and boron oxide layers may be deposited
according to any of the methods provided herein for forming the boron nitride layers
with the exception that the boron nitride and boron oxide layers are deposited under
conditions sufficient to provide a lower boron concentration in the boron nitride or

oxide layer relative to the boron nitride layer.
8



oxi de | ayers, for exanple. The liner 230 may have a thickness of

bet ween about 2 A and about 500 A. The boron nitride and boron oxide

| ayers mayWB&M#880487 t ed according to any of the met hoddPCHUSI0ap3s6
herein for formng the boron nitride layers with the exception that
the boron nitride and boron oxide | ayers are deposited under

conditi suf i I t i

bor on P do SpE (Sieh SrBblfferts of W TalRERP GRIGED 4T hihdd oF 18
2009/ 13pirpslitUas? 0o Ly3Heseative 0 3aiiditiend] ozrelgodimgninbd diatee slestrofles and

transis ruct n d_pf |tsforrra|on

1 ust rAroRNeGaansar v bhrlon el bE Erb Bl Sl invention
al ter nﬁunmrmmﬁdeorﬁGHrnihbeé)fenﬁmanv&mﬂ*rbcﬁaa{nd)%pf:mt@e%dfdrqoﬂhmgt o&te
the invention. Fyrther details concerning exenplary nethods an

appar atYRES A FYToRGT, I BB KIS tihel HatrNt] apRlisatiem  serial No.
ass| gnepb/ &4 2864@ afRAL JAPPY | 2863, OWhﬁ:ﬁr b%'im&'cbno%ﬂ/ %4812 ro(tisio‘?ﬁl ‘B&'ﬁé/ntl

2003, which'clainms priority to U S. provisional patent application

seri al awplicgsMmeFiad Hhp. GD{S%BQﬁ,ulﬂiedzJulQ@oZOO%dwh@ﬁ witi¢lt Rreaingorporated
|ncorp f i nconsi st ent
her ew t éﬁgj%ﬁ?%ﬂca%t gre%%ﬁgtl 'hg%ﬁéqﬁgﬁ?ﬁeﬁgﬁkgqf or fabricating a

sem conductor mask is provided. A sem conductor stack having a
sacri f i[e43a] rralgkarmrﬂwrérelbcwgmant@rmeﬂwdfforfabe’samgjaaeamehctmmaaﬁis

or ovi oM A SR ERLL? SRR Aot Fibk Rateing et of°
descri bieds leerdea spaddrermask rof fspac@i lirssddjacerit lenhe eidpnetistal thersaxith Q)f
sem conduct or nask. CE'[I on‘r‘H]Iy t he spacer mask may then be crop

to proviae Bak Rpiiavidtced NradACe] JBSS) saTaPLIR e t?Pé%‘R %Vebﬁ‘aﬁ%%d

by firdesefpRphbicid ThePRefficihnask MR fehfovedTbF8RH YRS Qbmidaaicnd
conformal with the sacrificial mask, etching the spacer |ayer to

provi dénagke s@&B@'ﬁaWaéﬂle sRaFeTgMapk deay thaiele ip fo peovidee asergenal| s
of thes§ ? 'efﬁ ~lines of the sacrificial mask and to expose the top
surface’' o e sacrificial mask, and renoving the sacrificial mask.
The spacer mask pattern is subse uentlﬁ transferred to a

seni col@delt or Breagmacer ousk| ropy iberdarmed by firsrdepositiogwvsipaces layies above
sacrifi r.esi e ve
the. spdieSemitBRiBoERekR g hrafef i RSB At SRHIT IS Hhs
porti oteyepto ptwi@the&rpanasmaak baeing tspdcerdlnescanljadeet B:pmeearidemls dfntha
further_opti

ace rk is ed f Iovvln ofIh
Cor 1 1 el oflhee QEngRaRRicfingok 3nd 10 PRGGhsl BioliOhtelinbS S Uk sScriaT
associ sk, whil heaoinglthaeasfifididiensacr The @p@derrm@skk pajerh§s eabRfichtly
with the p{?eference that the lines in the spacer nask that are

di scontfeRHEHEIP ArHeFHECRIEIN HetaCkoortions of the spacer mask that wrap
around the ends of the lines in the sacrificial mask may be cropped

in a pajobQr ni WtRINGNY, PEIREESSremoval of the sacrificial mask a photoresist fayer is
deposited and patterned above the spacer mask to expose a portion of the spacer
mask and exposed portions of the spacer mask are etched to crop the spacer mask.
In a further option, the spacer mark is cropped following removal of the sacrificial
mask. As each pair of spacer regions of the spacer mask associated with each line
of the sacrificial mask may be connected with the preference that the lines in the
spacer mask that are discontinuous with one another, portions of the spacer mask
that wrap around the ends of the lines in the sacrificial mask may be cropped in a
patterning/etch process.



WO 2009/ 137199PCT/ US2009/ 039356 [ 0036] The descri bed process al |l ows
for the frequen of a lithographic pattern to be doubl e(gr('i%t -
spacer |i n@g ]ﬁ@a adj acent to the sidewalls of a li t HJ Pﬂgg'g?sr’@
patterned sacrificial nmask to forma sem conductor patterning nask
provi di ng substantially the sanme critical dinension for each line, or

the sanpoddgat urRe\WedbibedplocBsy ARSveIRY b higerdgnsid ith&draphidgsatterh @

particul ar "regi on. For exanple, in accordance with an enbodi nent of
t he preBedeubladdnithespacerlinastferned adirsertderthe sidexvallsef i litaograpleisally
to be 4 € t y. oyi v

of 2. 6%@2}%% ée}ctrﬁ?'?!:a’??%énq%ffogh sgaggrrnﬁmﬁe maJ I nc Itﬂ eﬂnggc?%lgg
proces ssutmdpmlaldiyelhet Sﬂmaghtwaﬂ |dmhelasusmfn‘r|efaICblllae tmalhta sagng @laalrae'ddmobtlt

provi de_stru to.the acer ure

Pl st s g B ans BBl S0lingS i A AR relBR ok st i aitorpance
exenpl afith regt bﬁfﬂ)oaﬁ?n@mpcbﬂ e pl@santSRﬁEﬁmﬂuhé |tc$1tafCihe samﬁmiz@rrdam«:(s
with an enbodi nt of (% present invention. SL{I n Fi gurgd:g

pat t er neRIeHRE R §§1‘§t°r %N@r““%@ekﬁ:'rﬁ‘f' G BfPdcy k awpgiadyie 120r
stack 300. In one enbodi nent, the sem conductor stack 300 is

conpri spesAf aThé ' fibrigBdh Jragkser andsR FRgomMdIUmRSla SkapindQfrosdave

a sem conductor |ayer 308. [0039] The gatterned phot oresi st | ayer 302
may be sesmsnraciraighawich éaqré'plaémats 1% eetained jgProyidg atwm@}r'a@srlaf
proces c | t o)

pr ef er?tgdﬁ]%ogi?%%\ygﬂ %ﬂ%t or%'ss}légtrswrrg't g’??&é}g %@é@égﬁf ct e%fnp Eﬂ “:an b"reé"{?p
consi stacngnmanalmmlmr@mmplaryamﬁgmdrﬂﬁﬁmlﬁd ta assenmcordiicier stadk,ain

phenolic re rix W I 240 e sensitizer, and
pref er r &0 ad??l"w&l %'ESP(?PQ@%@ 0@92‘9‘38%'“(%@%“@& fromthe group
consi sting of poly-cis-isoprene and poly-vinylci nnamate. NoacqThe
pat t er nieasphot br &Sgwse BAyarpat2nenhphoiwesiah yayadir B0 iis neroset abbave ar
semiconductor stack 300. In one embodiment, the semiconductor stack 300 is
comprised of a first mask stack 304 and a second mask stack 306 above a

semiconductor layer 308.

[0039] The pattemed photoresist layer 302 may be comprised of any material
suitable for use in a lithographic process, such as positive or negative photoresists,
of which preferred positive photoresist materials are selected from the group
consisting of a 248nm resist, a 193nm resist, a 157nm resist and a phenolic resin
matrix with a diazonaphthoquinone sensitizer, and preferred negative photoresist
material selected from the group consisting of poly-cis-isoprene and poly-vinyi-

cinnamate.

[0040] The patterned photoresist layer 302 may have any dimensions suitable for
a spacer mask fabrication process. For example, a width, X, of each feature 303 of
the patterned photoresist layer 302 may substantially correlate with the desired
critical dimension of a semiconductor device feature, such as the width of a gate
electrode, and may be between about 10 nanometers and about 100 nanometers.
The widths of the spacer lines of the spacer mask may be substantially the same

width of the features 303 of the paiterned photoresist layer 302. The spacing, Y,
10



a spacer mask fabrication process. For exanple, a width, X, of each
feature 303 of theggatterned photoresi st |ayer 302 nmay substantially

correl at e WPA(IABYesired critical dinension of a senP&IARIKLH3356

device feature, such as the width of a gate el ectrode, and may be
bet ween about 10 nanoneters and about 100 nanoneters. The wi dths of

the s ' Ll
i dth ageh FREs My BE STRES] | BplinRYa AEaB RS, SAMR Jorthe, Sine o
3 pag : ngspaving b@magstihsﬁggenthyfob@edfﬂp@ceememmtarﬁget;edd?daef salogienteally
oublin ene, . n e n [ spacer
' nes. | QS RETB B 0Nt TR Rol FEEREMRE MIRE ek ROGT TedBRR
3 pag_far tbdjﬁtﬂwblﬁﬁﬂhes\p{mﬁh?,\( bét\ntebahe‘a}chd?atnﬂeygg% irf ﬂ@t ;ﬁit@n?tf ph@tog&?sist
oubl ed, e._spacing. ween .each featur e  patternec
phot or d&YRI 425 APPRIUMALE, SaehiP HhuaeS Ty valhs icts X, 3 dtrinigcA Figre
W dth %A af gepésticEmbbdindhi $93Am iltﬁo?aéﬁ’;ﬂ%' 4@l 18THRARHTB Me pafsinBd
l'ithography is used to generate the patterned photoresist |ayer 302
havi ng Riloteasigt leyar 30 havingpbiasireavigthyolsappiexigiaigls 46 nanemeteisaaichg
bet wee | r A £+ || A
pi ton oPeERD Schiodh RS Qo tmartly 138 3RTbeere Al PRy, e B
appr oxiafdbe [ppttdrnied pivadenesist layet BoRtielspleptanlviodse apppaireatelyes in widen to

31" cp AN DR bt el TR RRE{ B ey B G BRI

phot oresi st | ayer 302 may be achi eved by over-exposing a positive
phot or gsiast | dihey agiprdti@asx s uspmche tat wigth aatibyfor r thenfexgur@s of the

Do o Bl KBTS AR Y ek e PhBES 2518 S\ Beeiive e
phot or @wbfdredisi THVRE 4YtHeS ieﬂﬁo@r@' Ssdratich A heAmRding -a /tht&égﬁrhﬁe@,bra
e

frequency doubling schene t, I deal width of each feature in the

pat t er fEBS§MENG e st Jthqasgrhic/dgyelppmenty prerespi t ERr exafmie, phet Batirsged
phot or esj Ay & et dNihid +£ gAY [ o]
be sli Syﬁtb F{Ee%'ﬁtl 1%&31?9;320 'écgrr}agé@nggdt gb?lg\?é F ﬁ%ﬁg?%q%&ocesgpgjge@?ﬂ &hnd
pat t er gighhehdmisy. riliblough dek a 3equelity doibiingceahedmnthe ideahwilth of each

tbodi ; . f i i . ¢ i
't he AP I, 8 REERTRL ArYREGRe Raysh e T,k Specblyl o8 e b O
0.281 @Pdttdges?éﬂ??érrmﬁatﬂmir?ial mge?m#m}l—l?m;,agrtrq mg;:tred IFc]E garsﬁg&?, th:drlrer
i mage e patter ot oresi st | ayer | ransf er e
fret feRmoehae Rulfe stelipErets fret@ites e irbmast ek obai g
310. Thec@taRcP Wl @RiSRImEAt 6 tA8 prédent ehiid] ShaRitidd NidiAYof BRI MHS
suitable to transfer substantlalalgé t he sane |rragleet\1:vromthe patterned

phot or &stha ppigraed Juwiergsish ayer igdargeigcdhiik be penMR8hand|t312
mask sgi%gtﬁgﬁitéﬁacrifici al mask 310) rmay conprise any material or
conbi nation of materials suitable to act as a sacrificial mask in a

spacer mask fabrication process and may conprise a single material as
i ndi caftdgriby tHederingde Figiadibadhelbpags eltherpatieqadeptstowsist layeo B02nis e

mat erl ghSsteftbd W G0 fifst WK S 39Bb§ dndich process to form a sacrificial mask
310. The etch process used to transfer the image may be any process suitable to
transfer substantially the same image from the patterned photoresist layer 302 1o the
first mask stack 304.

[0043] The first mask stack 304 (sacrificial mask 310) may comprise any materiat
or combination of materials suitable to act as a sacrificial mask in a spacer mask
fabrication process and may comprise a single material as indicated by the single

shading depicted in Figure 3A or two or more materials, of which a two layer material
11



304A, 3048 is also shown in Figure 3A. The conposition and thickness
of first mask stack 304 is preferably conprised of a materi al _
sui tabl e f%’toz@?gé’ﬁf”ﬁ’& with an etch process during which qq}@%&@@é%ﬁ%d
phot oresi st |layer 302 is retained substantially intact. For exanple,
the patterned photoresist |ayer 302 nmay conprise a carbon-based

nat er i agogBouBSs figoséhdWbin ShaeksB0FhaBympesHibh 8Ad AhibRiddsi otffirst mask
selected fromthe grouglycona sting of silicon_ nitride, silicon oxide

and anoipelod94os pEfejablyqomprised cfi fimpateriahsuiialie for aicaing with ap giehes
na PR ;
sel ec eﬁroEé&;}ng%%ﬂﬁ% Aﬁéé%rﬁrgéﬁeﬂgplﬂt?lgé%ﬁal tﬁo?ﬁ%@bfe@%uﬂétﬁﬂnargﬁ“

the first mask s rises silicon , an etch proces
usi ng gatet dJaireaerpld,ribm paditerged pholovesistsinyery30? nEyFeorapdseCaFGrbary-

etch priscedenelinh Rl Ind et PR Etaci s BRY PaRs S Bty oo™
and HBrihewyollye cossistinghensilidon iiiride] siieak ositia cndHomhoup bppslyotystalline
polycrystalline silicon. [0044]1n ac%ordgﬁce V\ﬁ]th an enbodj nent _ of

t he” pr c¥iGon- | A0 &IER BFPCESRAISING BRTRSsSCIBFtet HEPTR ithe ProHRskonsisiiog G4t 2

conpri sggh 6HFA iy Bk UsBBLRdrthd frsf Rla8R lsbabid S0P BEMPHIS SillorSHRRRI RNt
formati on of a spacer mask in a frequency doubling schene. The

t hi cknesteh proaese usingsgasessielented kosotherarpup eonsisting elebsfsyansh@Hl s may

t J.ne-cal .y f
ek arks B0 g hisf R ARG ot Steblde, i oBR R ftors
t he spasing gasds seleeted fidme thdigrdupesensistinghef Clhrastd HBs knayt lze ks&d vhen

conprised,.of a single terial which, m in.the range between
Sbout AparsL e deCatBsRortheus S RIVBREAMASIAE Wk of the
sacrificial mask 310. [0045]1In accordance with an alternative
enbodi r[m;u] of m]tm;qarmmtwiimiﬁlrembmﬁnggd}ioﬁtgesptresmxfs invehiierk tE@4hibl5ness
conpris of. irst ha sk l.ayer 4A aboye.a.first sk l.ayer
SoaB, 8 it st o0k RO EapriadE pLA aild el s+ gRrtet Ik Pl the
the sagubkbgict foRAktich &f of ﬁgé&cfﬂéskcih% f%@@g&%ﬁﬁ%%ﬂhﬁ% ghave
[ :

a sacrificial nmask Portlon B, as depicted in gure The first

har dmagRkickrgas: ok thealiegh dnaste stack si04h sl beyprficirolip small iveprRyent sRaeer
il ; Pe o
W hﬁaém&,ﬁc&iaptseeof%%pisgstﬁféﬁgf 3‘?@5’6 Fﬁécér%éggk A0F SLIHI.CFGWE% %@%‘ 8¢

etch operations wth the ayer 4A conprisin
mat er i anablg critichbdimansanceonitpl of the spacer otasiriivees Jhetbicknass of the first

subst ant ] NQR- | fuyl (to.: r resi e

2ot bl R o0y IS lr i AL ALY B ! ket dREn
char actaboub4 06%argl abdud5.625 tirhes thisahrgeited Brod widils of the satrifidial rpask 8thed
photoresi st |ayer 302. Under such a reginme, it is believed that the

first r S | ayer. 304A.is ed to preserve. t i mage.from.th

bat ¢ er (5D hor B ASEPElanEa ' Sy 3Tt BpRESTARL bh e RS el ane
first nmiestknher stacBBAB.is cORPRLddef pdirtedramapk tyer @sistabosies firdPhagkd
the first mask |ayer 304B pay, conprise carbon- aseg,naterials and t he

first Hayednd@4s. aydpdispied huytheots ilaxers dapided dn Elgbectlate fem tthe

group GARFicHI MesiPB16 0k laCobriftbibl haRimask! pdiith 8X0ARVE LERIHBBRY fhalk
pol ycrystalline silicon. The et C?B&fr ocess for the tirst hardmask

| ayer 3oamre@iOB ms depicediadigura 3oa Bretdprdeashiayend@dd ol the first

; . . . H
P crnd T OIS R dbalunet o aGK of e ARG BOBR P Byl
t o enall02 ihiwbdjstinel etch ioperatibnbiwity thefisdtinaedmash lagepi4/ecoragrising any
oy ondusral e BE g Wb SBb ek hab BeRluAlY BRuSiehdR
t he t hiig ke patieinetinghdibresist Najed Bagkard iRy firdP AfAsk Jaydt 304B) 'dRYRising a

bet ween about 20 nanoneters and about 50 nanoneters, [0047] The first

mask | &Rieridomith pigh eharacterisiosaymdetie tieaplal coarasiersiics 6f threpatterned

photoresist layer 302. Under such a regime, it is believed that the first hardmask
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patterned photoresist |ayer 302, and the thicknesses of the patterned

photoresist |ayer 302 and the first mask |ayer 304B are sel ected such
that all pBPYAE78Y the patterned photoresist |ayer 3FETIERUNAPNE

subsequent to the etch of the first hardnmask | ayer 304A are renoved
during the etch of the first mask | ayer 304B. For exanple, in

accord A i f ' j

pat t e ot oroS I DT RP Bl el Bl Iriftentiiniahle SeiRd AbuoRSh shif so2
conpr i shdingubs sabseqieny etch of dhdbrst ataskdayar304Be enbodi ment, the first
mask | ayer 304B is conprised of a m xture of sp3 (dianond-1like)-, sp2

HAYST ed ot tul :
LT homiBiBl  opTfie BRUGTEbhob ekist Bk 3627 8o 36 05t 3O Tkl (s ™
][m: ecuImrapr&ecﬂarboﬁ-bhmmmtérglsilm%miﬁrgt h@rdmdsfaar?(amoamngupﬁaé hon
I mor v.ance erniyn Irm . . n.etcni rgcess usi n
Gases. EURDSSRClR IRl g dhout, RISISRg ot SHFR Cuienalvon Qdesndng
N2 or tdiorpRBbS BRpbRBnelialiddsiesh. NThandc) drdt¥s ber westlst Rar@hfaltkdayer

first mask Iaer 304B "conpri si ng anor phous carbon. In a particul ar
enbodi A ard g Bist maskyjaygrn 3UB may satheerates) efiopiocessestag dgearibed?

rot nactrst MasReARRELE T BRRIRIAN ik Fkhet Pk retheBhibsk Mor.
be suf f30difemayybs rapfficierdlypsroaltic spdhise highlys leeldctive adthiag selatife do the

arit T oqenareeh 8heEFesitPRGF P e’ BBty farde) e fiile WY Ray
enbodi meotsirdbie ekods thehfirskmask |layer 30eBf | Insdhen@sbodimaak the4hiclargesiged

of the first hardma | ayer, 304A and the first mask |ayer 304B is in
The 1 atte G RAENOSR GRHOT ST T HolAnGS. bethen ot 1D FapaBrers Ando

w dt h @holif 60 fasdrmbicsd @l nmask 310. [0048] Referring again to Figure
3B, the second mask stack 306 conprises a second hardmask | ayer 306A
above a second_mask | ayer 306B. The second hardnask | ayer 306A ma
have affP4Pr opefits Hest %gﬁ"aiﬂy@r 3945 Braychavengindiag siteh phalacteripies 3@6%9

from t hanetel PrAGRIEI YIRS 402, TAd W tigarsbéd oF Fhe %ﬁgrr%%lo?l?%g%sist

first mask stack 304 may COTT‘PI’I se a single materi al "as desc
her ei nlaygn@02uaind ina Hrst ahaskslayee BE4B s essieaied such eatralt peitiahs aff thére

econd 33 : f st agk
Soson oEARS nb @Y, 2, AR MR e S B,
conpr i bardmagikt layerBo4e hrcteznoviatodurinyethgradelp ot thedirst magk fyes B804B.oiFor

oxi de and apor.phous or polycrystallipe silicon. | n another exanple,
when t RRETPIEetin parcprdangBiwlis AT embadiripdl ot 155 ipceserd inyntiopy, bodb 4,
har dnmepkttéiagdr pRE6AesiylagermBoesand et @Fst hasle! 18gdre 804 ogRel BBMpFiEHP
conS|st|nq of silicon nitride and anorphqus or polycrystalline

si | i coRubgiantially ¢ srtpoR @ipmse, INvAER emeodimest. thadiskmask laver 4B is
conpri i Y, : } Ll SeqmN k
| ayer gg@gﬁﬁﬁ R)Egélng?l?@é@?fnﬂﬁ@rbg%ﬁé%t 'eg@p%rﬁ??ﬁ%)sgr ou%p ngrglms?tf%l ng
of si | hyloidized cadenaatems farmed fsxinde .chioterd [vaporndeposition erodass weing

| t ti i i i i. k stack
S04 | AR BELBEROSIELy ThobBliel! *R6M o it My Re kit i o THE o %4
I ?yer aﬂma)hhdus cmml@orefﬂhn?lﬁ Twmanceﬁﬁémie'miag Fimmd® (Tﬂr;pr%@?wﬁiﬁgsamcm by ed
(0] an a r Oous carno 1l metche A ase sel ected.fro t he rou
S onal SHuRG GRSR st the orub Gonyistasr B cHabIBeliEt AhCr dncdts obu
and N2tranébAginatish bheHs apany, A dzaaky bé)ﬁ.%'éd?tg%hi & fiﬁ@méksrage%o@

material sel ected fromthe group consisting of silicon nitride,

si | i cofPBRIIgBg AfPrahens eibener Inpd IPpsticpularambediment, isubatantially alhof eess
of the 0 . i.Cl nal | e
cubseqfinspe SAPLEBRay 8802 RORMATRY Nan SaeCER obtietER #s bl BREY
306B atwdpaiterh itiee frst maskdaygs 30 Bavbialthickmiee$ ef thehfirst magk layee SD4BIhgy

xPos ey NERRFAP SRRl VST S8 hihek IRoSloilod 8PS SEoBRILG hndd'®
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[Oum Referring to Figure 3D, the spacer layer 312 is etched to

provi de the f?ﬁ@il%ré‘fga%d?’m and to expose the top surfmgqgfﬂggsﬁ

sacrificial'© t he second hardmask | ayer 306 nes of
t he spacer mask 314 are conformal with the sidewalls of the features
of the sacrificial mask 310. Figure 3D illustrates that there are two
i nes_fangs Ry Hhiyd 8 of S8 ilitd) Uimbndibe BARSI bl thb pabBs
310. Thg spgﬁgarsﬁ ayeru él lr@épgne e?ched g)} an;/ pr()lcess sui t abl é%lpto

provi demagh llinesnt inophe¢mhiodimentortie tolal thiplnesscef theofighinmasks atagk \dQ4 h

of critical .di .Qn_,of | fdCiaa . .

312"y BT e b B R AR iR an B Ut el Gy §PEH VB
subst anahgé | bhetivben et Hed®) AndasbdUes. 62Attimes thed tdrheteslaling Wwidthadf thesk
310, as de i,c{ ed in Figure 3D. The lines of the spacer mask 314 may
be reccsRHHCR Mg $Y0bel ow the top surface of the features of the
sacrificial mask 310 in order to ensure that the continuity of the

spacer baugfr 3RafdrndaakintoabPijee BB] thetswendtmeash stk 306 thepsipeser
mask 314. The width of the top surface of each |jne §1E) %he pacer
mask 316CRAY Mrrdaasktlaven 2PPA APRVes ansecand maski @yer 206Bhe Mkt Bpqande

of the I%{%lf DRMe 18 Y PoteS0PA sednd k
depi cte ?ﬁgéﬁ(é resgéé 'ﬁ%h%g%&%??ﬁg%%%%%uszo%/ 35%56 [05052nTrI;%aS

spacelr lapsre3068 fromatheatish precesscueed th)fortf_r thet ﬁ@crﬁip'@bé‘ramg-s he firgk
ok 30T, Stk 30 iy Boftpfos 3, Shaidfsteiil p¥ detchiBly RIS, Wlitouch,,

mask 3 a single™ ayer, "and t ITst har
a st acknalteliayieratctaatisdlbativedo dnel ntetedatecf khé agesndib@dmask |ayes BOSIAL i fcor

nbodi t of t t i ti th tch ! d f

he. spB@mAithgn 4he JTanEa3K: HEet AMhoR EXBOTReSBIon AL Hop ! F Tt
of the rRgmbbk Gyatl 30BA Kn@,&&?raﬁﬁbé hengeagnstidned fraskthbayenp 30fHstingofa
particul ar enbodi nent, a'slig

€ [ t over-etch _is applied followng th
end- poisiiconexidia prshamerRioysaE Polysfysialing piean. o QW@&&@&P'%&%D@'B%@
are di %ﬁ&”ﬁh?g&%?%kf %%g”li(é g%\dﬁ%est QnibERtIM R, the scBSRIMPaRirhhde 1dyer ld08R)

of the sacri | _ . An exanpl e of a suitable etch process
for a gpayepmpdgera Bileial rapiecieddrom bloe @noun cengistingaok sifieen intodeded a

I 0 e . : i
Cuch et aoRfRiESEROTe ShEInESIBERT 333 HRhPEaRriRBTMAG) 1S B Riasf Shack
CF4, or30doisheomaprisessarhbghens ,or pulyaystalling dilizgantheoséain ngrdmask layer
e ey el RIS el e oSS G i
as ar gnd(diicon@xide! fum [0053]In an alternate process for form ng
t he spacer mask 314 as shown in Figures 3C-3D, a dual spacer |ayer

may be utilized. [0054] Figures 3C , .3C', and 3 a dual .spacer | ayer
Conpr 1 49l o HRSECOIRAER "W/ SReRtiRebPIMEN PhyE e sentdenton, (b
deposi tipg Gask QfdER! 304 RVESmPIRESECA iffrétChatinBR Hayet BRI aad & Arst Aask
second hardnmask | ayer 306A. The base sgacer | ayer 313 is initially

deposi tlaxercthr ntal pge eiodiment dbe | first maskniayr $96B dscoppied akan

second r 30 C [ AT gy : ekd

and der%?@g ﬁ@gé;c%‘ﬂéﬁefg% %éggg%e@ Egé&ﬁ%ct&&ﬁ??ﬁ?fﬂﬁ%gﬂ?%%&%ﬁf@bl éﬂ file

deposi teedhimationeoftias end plaoeithd agmbir@tidh d<CHhawhNE angi@uand 8@ sechind

line | ayer 315 nma rise a nitride terial uch.as silican. ..

i Ui dEraRR iRy eh 2ORRRG EPFels P of A RrlrE seBrer LR B ke S8

t he t otadl silidure kingas, eflicomensdacaid laayephdld,ori pelycrykiadlineasiicemac dhe

| ayer 313 and the finer |ayer 315.}% Oossﬂ The |1 ner | arxer 3]1F ma}; t hen

be” ani doiEkrasiscal thy %Q‘@ﬁé&%@”@)‘ébd% r3{ioA may be sufficiently small to enable
subsequent highly selective etching relative to the second mask layer 306B and
sufficiently farge to avoid pinholes that may undesirably expose the second mask

layer 306B to the etch process applied to the first mask stack 304. In one
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horizontal portions of the underlying base spacer |ayer 313 of the

spacer layer 312 as shown in Figure 3C'. The anisotropic etching
process mayO2BHHET€L a pl asma or non-pl asma et ching prd’@@%sz‘ﬁ@i"%ﬁ"’%

chem cal etchant gas, such as a hydrogen free fluorocarbon including
for example, C2F2, CF4, or conbinations thereof, and/or a hydrogen

Cont &t Nerfiioitdf AR Biiknobd 4l ol hseaﬁcrjagk% STBgeas, R Al

gas, inc or exa ronal i nert
such asbeiwgelmabmt)ﬁbandmbmuimo a0@hEdtdee exposed rraterl al of the
underlying base spacer Iayer 313 and a portion of the liner |ayer

315 be..j |
scr i 11a0edf " o Relerdid PEGAI JoRA SASCorR R IARRE bR AR by ) 1okl
t her eorsaasficihlowask 81 Glagndra)o’ﬂgthe Aecsond hbldendskdayerB06Aet TCIhle pp@mrsjayéﬂiy
cr o ngaih 15 557 B SRR i L GBS0 bRl B etBighcioe
subst arufradmehoyemm@b fsélfh’ﬁ]é hghe I@EQ@ér Iﬁ?é*@@%a@'ébhfbﬁsé'ﬂ?e Bam mpReser

| ayer 313 etch proces sequent procesmﬁﬁgste

[ 0057] meaterial gpori 'Be‘lth@[ﬁ“és'réﬁﬂaﬁﬂ‘% of thenapages dayer ey ge rekpcteshie
mat er fuh Ci 1 o} r aund
t he eln e?eri'dlrgé;‘éﬁé'g?ﬁ?ﬁbf Iﬂ:“%é%ﬁgﬁ ﬁe%sgléégl%um ms%%%&a@%ﬁ’ fot
depi ct examplaibe !hiq:hrie@a of BTEBspa‘cer Feeyes P42 dg swhsdant@livi thd $arme pattieel width
spacer  TRoLAfleisT L s ras Ul 5 BBy RITAY SER PR fokhess
porti on$ tRéGspaoat |@ee mn&@dbbygraam rtdaw thegwidth 38Ghelfeatupst BB theg
t he photoresl st stack 320, as P?I ct in Fi gur 3E' . 31 hot or esi st
Stack PO TRadk A B As [dhe Fldehronass e o mitarn e RpRRsE dver
por t i omg 20fTHhRickAESd bfithb %baé@ﬁ!& 13 Zalﬂaybe%b%@w@@ tﬁ‘ﬁé%ﬁﬂﬁdﬁﬁd‘ﬁﬁe
306A. %é)OSS] Returning to Fi ure% hot or esi st stack may have

a phot deatyiest of tigeeﬁaq;_hmawmﬁh 3HY oasftharqesmdefea@re @é@tbrtpfbt@@ fnes in a

associ J’«%:Ta kphotoresist |ayer 302 from Figure 3A
Addltl%%ggﬁd@nhﬂférhﬁe t(gfg{:lglte"‘gstack 320 may conprise a

bottomanti-refl ective-coati n%?s( BARC) layer 322 in between the
phot or €95tk | Heferrppstoafigue Sk plheespatesklagar3i2 isralghed to providiedha

flat s a?é;r e%&f sii‘gnB '&%9555% o tpg%%ag% %aﬂhc%ﬁﬂaék 3fh %Hdﬁ'th

The BAl n-on er| ving an organi
group. séd:cbrei harumeeskyayetrraé)sah ol o mesof beaplkec82Mask Sdérane matd;rmat witlel vy

o, PUBL BBl o ¢Ter R 16 265l 4L oD, A RGP B ™

stack ##e drenweXmeBs!ifom ithe apacsrdansic 3nitbr aﬂe@nih@dcbfrmetsa@hﬂélalemask
present _invention, the ghotorem st stack 320 conprises the

phot or 8d4PstT hea%ceg@/eé dgdnah ke sighed Ry apy process suitable to provide well-

controlled dimensions, for instance, to maintain a width of critical dimension of the
sacrificial mask 310. The spacer layer 312 may be etched until the lines of the
spacer mask 314 are substantially the same height as the features of the sacrificial
mask 310, as depicted in Figure 3D. The lines of the spacer mask 314 may be
recessed slightly below the top surface of the features of the sacrificial mask 310 in
order to ensure that the continuity of the spacer layer 312 is broken above and
between the lines of the spacer mask 314. The width of the top surface of each line
of the spacer mask 314 may be substantially the same as the width at the interface
of the spacer mask 314 and the second hardmask layer 306A, as depicted in Figure
3D.
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322 and both the photoresist |ayer 324 and the BARG | ayer 322 are

deposited by a spin-on process, and when the photoresist stack 320
substantia\"%yZO diP¥? ses a photoresist |ayer, the phot ordsy Sy PP gyEre

may be deposited by a spin-on process. Wile Figures 3E and 3E
illustrate the retention of the sacrificial nmask 310, the invention

t t f I
o ho el | B sbAGeriag STy aRbLLUBRET By (R A6 SHhCdt A SEIRUE
may be @eansienEiguley3Rnwith iHidiogichmeiactipiotethe shesficiabradsk 61adsioz segleon

ith t tt [ f th tt i st | 302

F gur e 19v5s bl fisirpas ves s ie S aitked ikttt s Bhesnd

316 of RKdiamaRRISferBUDA. 3ia spaeifiei hebafimeRe oiMhedosepQin0BNtRH) thatdre
any di nmension suitable to crop the spacer nmask 314. The wi ndow regi on

330 mayprespusesed to fegsithe wpaser Magk eidliHeRepeInted uBoR LXpaRIre (0 diag Top
mask 314, 1,00€ &'tﬂer@cﬂﬂgapﬁ@sn%m gﬁe% KB 330aBYK P8/t SR, € te0
al so expose a portion of the sacrificial mask 310 to accommodate for
any sl iparticdér smbodimantea plight evai-atghds @pphrshtedowingoppi eng-peintdeisction

0060] Th . 314 .i .
520, g PR ThatdBE odg brife SRR MAE Y A oScAREOuS IRE fodliR 10
r ﬁmvegebfiﬁe Wéﬁg;ﬂer ﬁr}eatmtsljn@‘) ctht-ht&; pamﬁrc:ara'akgla t334 0i As\i? Igegampregbtécﬁ,
t he end-po I on , S ective e otoresi| s ac an .
S ocond SHiPBlek ST BpBFSS FRIAA HRACPE TR B TEARP BRIV Bpron riide dhateddl
not be jsal8ss iavplabMat BE nBHRRSREh RAEHIAD Pro&sst iing A€ Ehdrniafleidhapk gaé,o.

Preferablcé, the cropping etch process is selective to the expose
port i orglichf ashe budiogencirae fuemrcabon insluding doeexammegfra23 o Fasor

h. : it ' had .
ot oni ng pBTREHS IndBlh Hflorl o RfBER EurtEhire IGRERIREY dh8hahd o1,
may be axaetple,0 CHiF;manh exidizimp erhss padedingafok  S4nplg.owiResre (Ohgand an

Figures_30 and 30", .th hot or esi,st ,st.ack 320 and the sacrificial
mask 31% QP@“P%&W%&“G% ?rgPH?’gQ&JP&l{H'Pe with an enbodi ment of the
present invention, the sacrificial mask 310 is retained to provide
st ruct yoe@ss] supipoat dlietmatg hprobess fopformingothe bpacsyamask rdddkas showo in

formt Cro spacer nask, 340. wever, .once the cropped spacer
mask igﬁg‘érreﬁ%@:,e‘gphg%é'ﬁLWe\ﬂieﬁlaéfler ﬁ&?ﬁ’%‘i 28y be rempved to conplete
t he frequency doubling mask fabrication process. WO

2009/ 13¢0:99 PCTFigore08C 03835 and G624 Toal ghurtc @& sonfriairly 3Dasawpaber

re”‘)veqa%‘r §1h3ear§f rélelirPerrqfft:y?t—;asrss195‘0glrea;[iti3}:(>)t£]sitc-:‘d conformally over the sacrificial mask
310 and above the second hardmask layer 306A. The base spacer layer 313 is
initially deposited conformally over the sacrificial mask 310 and above the second
hardmask layer 306A and comprises the boron-nitride material and derivatives
thereof described herein. The liner layer 315 is deposited on the base spacer layer
313" as shown in Figure 3C'. The line layer 315 may comprise a nitride material,
such as silicon nitride, and may be deposited to a thickness between 1% and 90% of
the total thickness of the spacer layer 312, i.e., the base spacer layer 313 and the

liner layer 315.

[0055] The liner layer 315 may then be anisotropically etched to expose the
horizontal portions of the underlying base spacer layer 313 of the spacer layer 312
as shown in Figure 3C”. The anisotropic eiching process may comprise a plasma or

non-plasma etching process using a chemical etchant gas, such as a hydrogen free
16



as the renoval of the sacrificial nmask 310 or in a precedi ng process
operation. |In one enbodi nent, the photoresist stack is conprised of
car bon- conV&i#A91§7¥deci es and is renoved in a precedi nd GAAtS2HP/036
ash operation utilizing the gases 02 and N2. The sacrificial mask 310
or sacrificial hard mask portions 310A/310B may be renoved by any

t echni I ' Y Y Kk nd
the sedbpibalbeh nqldbyor SEblergera, L5, S BREhARASTHeER Al 310
i S rendwellodgen aostainiiee fledrobardeear dichating efoe @xample, dBiHFY) eargbridizing gas,
consi st.i of .a hot P4 wet ch,, an _aguequs drof | yoric aci,d wet
ctch, *dpOduRo BrPRupek, SV (el 5 cREST der et arvchiincirsRt (Reybe
renovethdivna sel ective dry etch process, for exanple, a single etch
operation selected fromthe group consisting of a 012 plasnma etch and

a CF4/ 02 pl as et ch. 063] Referring to Figure 3H, the image of the
cr opped"%%‘acer SXPager jraaterialnek g g‘ﬁd%y"t’ é’@@c%%@l&ersgé%l@'@bé

to for mdriigh 8t he FREK laé%@ 395 @hGhEaRYe RBirbpRARy 31PRa3E08RRe Vet 1‘&9
sem conductor |ayer 308. The second mask stack 306 may conprise a

si ngl e peatie phtheasaprifisiabmaskdo ferm spaserneask A4 aklirsrdayer 3 Ssfangied
etch o I Q42 e [ , Al . | 3

be for Fr%@%il%gb%g %r@nwns'b gﬁé%rt}éc Ijl'p rA o%g?giﬁc%o@'é re?r%%rfg%?%s g%l? fyres(?@eg?g%g
and | aystch Bit@Bssas desceibed thesdire for §paoéripier dtizetehingdi AlEmativiehe theeliresrd

The andhiAtoley ey SHEPIAtSY, Of et BN Fmayed RR i Sifedh raask 814
embodi nieifihg Mhe bhse SPIRS Hyler GN3 @fcH recésd it bR skbsatiht E%Bssih@ step.

particul ar enbodi nent, the thickness of the second nask | ayer 306B

d, h ot k i 70B, of ., the etch k 370 is in the .
onge UBen HelBeo Taa SR PEad o s U Soaatoimk B Ay hash reslerelsy
the |i nen fe sd1Rifiefaf MaZR B 03RS rehitin SEAMALURBEKUNAYRS eRBO8 dath &ahe

etched to formthe mask portion 370B by any etch process that
mai nt aififgs af hepsacsfieinbmagk 3¢0.tascdgpigtedibly andrpertiens 16 theespacaemagk

t he et : 1 } j: H. I toai
second aafrabidin B3 85 RoB ek &1 Digle S Sy ARy BEWEEN pairs
r enovedpacerHingsdngy k¢ cempveastieg g sekdctive atgbirgsofthe engr peridns 816 disatsare

he. contPRtd bk Sriedol /S8R5’ T WhoR pdibTobBole"BAcRR a8 Bs""

99PCT/ WepRe i3 Frhfe [JEO65hd lphotwbsighbtaek 3200 depadited, altve the Spedcer

met hods_t ricate an etch mask 370 conprjsed of |ines that double
The fr Bsnalf Ghos e Prasedrpalivas Shdps RRErtnahwark fEapddRe sedond
descri hatimddelapbiciogmsk 370 may then be used to pattern a

sem conduct or | ayer 308 for, for exanple device fabrication for an
integrated circuit. In accordance with an enbodi ment of the present

i nvent 1R8] { hARPEINGHR KBTS Frast BIARGEIcTEFOAE TORY BaY A Rlagoresist
subst apdyerld E6mBAsEHTRE RIFGUnafctal HosBRSEY irtlassSibifi dith VY pattdified

i mage of a cropped spacer sk is first transferred to a layer
conpr i pheigregistaavenpBo sroonFigvie Pé: eAdditiopaliye ithe photiesistestaci $20heay

. o Cor. : ! ; g it h
i gur o 0aB 88 o o HRRGE Al R Blue- A ES IpAPR P 528 1) B g e
desi r aphetoteristdeyerci2 4 afu treaspamer orasknyl oinherdes enpoohidus flar ssfagseckour e

B SRR R B SRR i BRSP4 o

sem copfyfdsermhrYiar naisy QQB}C’}Idrﬁ@Qro@Py ARhRdtivaly, iHtaphderske stk taabliy
patterned into an array of distinctly defined sem conductor

st ruct Ge@Yrisec aswechefodi PRtPTesighdayerhi cHiiriwrbobresial sfack082p smay be
conpr | ﬁﬁg?%?q%)ﬁéﬂg@r&%sgaﬁgppﬂ@ "s'@Iflgggop?r%tliﬁédevfomgrpha{orresist sia

Addi tion m conduct or | ayer conprise any norp o%gy
t hat c880.s lror alsbgphe ipatt@daece with @naembodimenbof thespiasent nvertiomdice

photoresist stack 320 comprises the phoioresist layer 324 above the BARC layer
17



WO 2009/ 137199PCT/ US2009/ 039356 [0067] I n vari ous enbodi nents of the
pr esent inv ntlz]fﬁ/‘ pacer layers 126 or 312 may be for"lﬁcdm?g L0
LY . 20 ﬁn 36

nitride, e doped or include hydrogen, chlori con,
oxygen, or carbon In these enbodi nents, the resulting spacer |ayers
have a k val ue between about 1.1 and about 10, such as between 3.0

and 6. O300Th&g BB e \’;&Hdtbt@%si Ry %ﬁ%dathé@m@cﬁéye@@znarbrdéiﬁsh@agy%

havi ng a stress bet onpressive and GPa tensile, such
as a tespinion process amtwhen @neeah@toreﬁahsm&@w sobaaatl@ily ﬁompnses a

gg?g:le 0\{&&§ %fr‘s e lhgtdrgépom %%EE@E&HI?@?)S!S”G. gc?baef’ﬁre

| ess t Hﬁnrlé(m@reb rBEé) rmdeﬁﬁ’oclusmm thtehmtmtmesfstrteeawrfmah rraasls 3tbe,t tmaen

about 100C to a uch as bet about 300C to

For - ex dTUIOR RSP ok B aser bt & Hb BoSss e PE et JP Vel
nitri dq)fqnég§¢,ﬂic,d| kB manatefiahi gh step coverage and | ow pattern

| oading effect. As defined herei n, layers with a high step coverage

have a | ower perce ta e .of t hi ckness, di f

a%/ J renc I_t‘)et ween
di f f er dA¥59% ur f Hoe hgto %S'%%FPE &20imay bepajiaag E thogaPRIGRTBRTSS
than | ayQicapdd f.rh ab@d&iéﬁcﬁpwﬁﬁ\&ﬁé ag%em hg? oP Hd %ﬂe.ln@adpme@fsfsqméye&%e@

is defined as the percentage of ‘| ayer Thickness difference between a
| ayer tfroralrigwe I ipderm @nmnglgwrrea@ntfﬁ@ Bet earpsesofhe end-praORaII16 of

2 et Yne gy SRR CTREUAT NI WRCRRNSEA 456 Sndy Bol ) Birihson

ar ea) hi'ckness on a corresp ondi I”ng porti eature
i n a suhbttbletie oregtenspaddn rhagih3tlenThe wumcﬂow eagion S80(rmayl erpescaatdanst

and th owe I i ng_effect centage reflec a _hi,gher
ver e abniendnbRbhsidls 4 35s 3aEratints PTC 5 RERehSERE St isduPhERT
the 5p3f§§ibn'%@ﬁﬁy&f@s@l@éﬁﬁdofdlmhmw\a rpdmordef tie seaiitiahghadk D to
m xture | ncI udi ng_a borgn-contai ni ng precursor, a nitrogen-containing

pr ecur SSCOMmRAaty fariagw Alight oftset imidetPaygeingaed. HANCENEIOPBIGIRTPERSS- i n a
PECVD chamber. A suitable PECVD chamber is a DXZTM chanber

COMEr Gh) Y aviad éﬁé&e@ rﬁdékreﬁoialolr@sbébhb%mab%rémd spaRefhR@ki3a0Sahea
Clara, California. [0070] The boron-containing precursors include

di bor arﬁ@aegemafb)imsmyf@ cipppadilyeambsiHpCesmthat kgmoveh the expesgd
deri vatd v af om%z‘%ifd&@xi_ dek $FE. AL iR, tﬁg(eQdS;)éﬂlonﬁg h8, Sé}@&lvedtg

conbi n tlons t her e nitrogen-contai ni ng precursor may I nc
ammoni dhe hylinarssist stadHBR) and tbenﬁro@adl bardmeskr layer 396/t ats eeingeed.

- gases ARNAReeb B TRy Bl B8 Leldhile 18'1d 8eh Whtont B XBlAL

conbi n
mask 310. Preferably, the cropping etch process is selective to the exposed portions

of the sacrificial mask 310, as depicted in Figure 8F. As such, any material and etch
process combination described for the etching of the spacer layer 312 in association
with Figures 3C and 3D may be used to form the cropped spacer mask 340.

foo61] Referring to Figures 3G and 3G’, the photoresist stack 320 and the
sactrificial mask 310 are removed. Thus, in accordance with an embodiment of the
present invention, the sacrificial mask 310 is retained to provide structural support
through the cropping of the spacer mask 314 to form the cropped spacer mask 340.
However, once the cropped spacer mask is formed, the sacrificial mask 310 may be

removed to complete the frequency doubling mask fabrication process.
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others. Additionally, the nitrogen-containing precursor nmay be
diluted with a dilution gas such as argon, helium hydro

xenon. [O007®HR1dYBkd boron nitride layers, one or rmré’cgﬁﬁﬁ‘l?ﬁfﬁﬁ’é“
sel ected fromthe group consisting of a silicon-containing conpound,

a carbon-contai ni ng conmpound, a, and conbinations thereof nmay al so be

it ad 8y er . g PlRRRRRI SR el B8 SRR EUI BB o Bierelh Prrgone
chanberasbiteomrencnl af ther sadmcmemktmwnoph 4 Medmitngﬁprdc'esi dpetagipar . In

00721Sui t abl e nds, t hat e. introduced, to the boraon nitrjde
ot o e BRI G PRI SRAk Io GRG0 RPPRSRAANDG SRERS

pr ecur s@ydSis rémeasw b.@a@dmgrwaldrydr?rasneo;ie?%n umrzrﬁget F&ééésao and
(TM5), silazanes, hexanethyl cyclotrisilazane (HVMCTZ), R( 4. x

r bei nd¥zanThe I@?P”@G‘@dﬂ?as'ﬁ@ﬁ@g‘é’nsﬁfélﬁ@'@bhaﬂﬂe@aﬁhms mm, iMPRY b@ns

t her eof

C'l-12x ch”as net'hane ( , thyl'ene
rem%@é@%g %ﬁl“fe@hﬁ'ihﬁg A %e(%%ﬁvé’ Hﬁic@?ﬂ &43 fiéé}r %gl:_}ﬁ

CxH2x- 2ndathng senvnidnbandoraskt lhpere306A anlaoroaxegnplecmﬂ aaoiifioipl pneguBd 6rls

such a 2 y4 03 ni.tric NO., nitro

(N20) , TolEYeE by S ngld (‘%Eﬁ)ép alon) S‘?‘fc‘-fﬂo? s onpr s %%h%%oéf

and pho&PORr ot - eioh] amidgaeoaspioudiciuorisuabidasvapheshhidre a( BiSoNi eoh. be

introd (fed into the ocessi n chanber Lor t he boron-ni }fréi_de

deposi t1gM3ivele e Sgﬁ’ﬂft rmé Kk A10s MY PReRAVEIJRY 1o Selietiv’ i dry ngich

bor on- rﬂ;'rédésﬂefolr@ﬁm?lé‘%%ﬁélé eﬁiWé;bé‘rﬁi:orPéél@@th'fRﬁn tHegee c%h@istm of a
di scl osed in commonly assi Pat ent Application Seri al :

11/ 765 Chsptasmpyeseh @ﬁdalﬁféfcggplagmbﬁt@md U S. Provisional Patent
Application Serial No. 60/949,796, filed on July 13, 2007, which are

i ncor ed ié};&% i :
her evmpﬂ??&][ Oognéé]’f%hr@ggbgr g? nitri gtgboin?a@% 8Mi?enbrd(§§%83| te ﬁéﬁésﬁlgm '

subst r &assferrediie thasebend Mmask sthek B@ﬁ tomfoonthe efichgnasked10 soetdhnmeahle
presen I

P hanbor Orihs SRADE O abBUE IHE cbbidduCRRERRx 0% TAR SRalERARY Hlox
PECVD @hémhay sontm’sda ao$inglei hatediak and ds letdhied tbrform Aheleiterd sk e370ainsa
I nc. of. San Cal ifornia. The cessjn condi i ovi ded
hor oi wSIEEE BRogy PRRGPE AhSB Sty HRERIcBraRk QTR agpRIsToR, My 58
i sol at eshridases B Gtée BtcPNSrockéd b BPEr SEHR i atiRstiRep RHEISRTIITOB in a
region. Thus, the flow rates experienced per each substrate

proces§??¥§’dﬁ‘§§i’0n and substrate are half of the flowrates into the
chanber. WD 2009/ 137199PCT/ US2009/ 039356 [ 0074] The substrate on

whi ch fodgs)bor gn diel bhﬂ%dirﬁé{rﬂr the s2889¢ Irh&sk MR%r B & bbﬁlﬁ:ﬁsed of an
silicon-containin gl ass substrate. The substrate may be a bare

subst r a8MORoUFRAS @rmén@enﬁbrsech Apethe amorpiioss | carbere prdetial Hespebed in
and/ or of SRRl ATBHKORH&NDS the composition of the first mask layer 304B. In a

particular embodiment, the thickness of the second mask layer 306B and, hence, the
mask portion 370B of the etch mask 370 is in the range between about 3.125 and
about 6.875 times the width of each of the lines of the etch mask 370. The second
mask layer 306B may be etched to form the mask portion 370B by any etch process
that maintains a substantially vertical profile for each of the lines of the etch mask
370, as depicted in Figure 3H. In one embodiment, the second mask layer 306B is
comprised of amorphous carbon and is removed with a dry etch process using a
plasma comprised of gases selected from the group consisting of the combination of
O; and N or the combination of CHs, N2 and Q.
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[0075] I n one enbodi ment, a boron nitride |layer is deposited by a
thermal deco sition process, i.e., a non-plasma proce

deposi ti on™" g2 9?1)‘87113%r0n nitride |layer in the absence off Zgg’@a”ﬁ%
t he chanber, the tenperature of a substrate support in the chanber
may be set to between about 100C and about 1000C, for exanple,

bet weery ut n
may  be B2 he e g UrBUL etitendltht BE pREENAMNBAL f IalfichlPER Slon
bet wee rmaﬁoﬂ‘fo 2omprisedofl llmmat Z!Outrlerthe frbguiengy oh'dstedwesfrctm arsactifigial

b
oxygen-BTH LAk? soR EFLPBRion el el Hiash HREBTSDED' Redee tp Ratsmt oo
Ibnt t he thgﬁafiuﬁrg%‘y”n?amnd Tﬁ)rgio;mggmlﬁs ld@ﬂa%ﬂ&tggaﬁﬂ forearf h(;ngrai@t:lezlrcmt

et ween abou
about 1NACKPrdpREe Wilkyan Sﬁi’oﬁg\'?erﬁeo it gllpé%ﬁ?é‘éd“’?ﬁf'%”mﬁ ‘?ha Ergggr}gs
flow raf engd petibnaBaE confifreeyasithstidlly 29 &l %&Hﬁ&x@%aﬂﬁn"\ﬁ%nal

about 1 sl mand about 10 sI'm The spacing between a showerhead of the
chanberAltgitatively, $he dmegeeok approppedrapaper paskeisrfiirab diansizoredi fosadayer

about S0\ prrlgzgg[sgﬁ%k%eeég%e ftel‘?alt;%?c[)nﬁ*} tl%%fé?n ttﬁ%ﬁﬁ’g g to a

depositio s rntroducin I
2400 scEmiconductmlayargasdeseribeddn aascidlaiwrr\aftleFrghr&merﬂH.
i ntroduci ng nit rogen at a flow rate of 2400 sccm t hrough a

shower S 0 r , .

o1 essurditg *5oRe, redhdiindy, BILE SHTBIASRE Bl BT, aBlirdhd 3 e,

gegg r atfglridagiont 6e r.;;\amlgoms'er!]']elr)gmmacnmtimcgoie sdg?me tfabﬂbbalimc estRiiing applbybieg
a wer to a sho ead el ectrode an or..a Su S ort

o) oot § THEUGHOY Fsbn E R FXSIORIS, i ARSI AN SR i SEHaaneS: OEg ygsent

l'evel Bgjareen %%m%oﬁﬂ@dlgr P@HBO@Q@&p\%e@aﬁ? rﬁéteh&ﬁﬂ@ﬁﬂaﬁlb@(l%wt&@lyw

and about 1000W at a sing frequency of " between about
up to dsdietned it an oﬁ‘rr%éafrpfﬂlétmcélbo@ﬁ inego spmicongduelies LtruebiesHz In Gineat

a powery
about 30Wan F}ﬁout gél}gg%ﬂwmar %@Q?%%@%&%%@Mq% gfﬂ?ig%é’gfa{el?nal
t han alww I-Whstersalc hAdditignallyt dine tskanicartsiootor ]jaywo& Ay CampLse GOy

e (S BHOE, el Mo, DELPAMNE: Yl P, TR et

about kethitditludtortstrughuees. Thivhiaorphologe)xdthd eemidadiductsd ayariz0Banayp bet
400 kHz % a p%ower | evel between about 2 VKand about SOOH W such as
bet weerseRGHRA RN \ihen ST AONBIEHD0 VT amPrEhQUs: oRePredyiiaiiRy dd Poly-
greaterg éikﬁl'h@boq'he 1sét‘h'i€:on§éﬂ&8r El%éz}r 808 ahaf r'ﬁﬂhélpQiebi'np%l&;&”"éhé%’@eldérrier

about 60 MHz, for exanple at a power |evel between about
2W and Sepait inpaty\atemsnh Hse EWHU@BBLEVGBWaW@VJBBD‘?f nEsistp pbove a

[ 0078] ThseNBOHHED Sstiale YU etcBﬁ]IpRQé@ B %ﬂgﬁ%@h&!gstﬁt’éﬁfé% ﬁhé&'ﬁ’d khe

ni trogen-containing precurs r are acted 1 resence o pl asma
provi ddaliymation rprocéste fba;eaampﬂmamehwkstrpteopsammisedamf arf@xtl:dﬂ;lm@tice

appl 1 ca0FEh Tt Suksie PR Rer Pe St EEa T AaReAb b P8
D, 5 For i o Bl okl e anc L ol o o e oopecttvel s g'?\'ffﬁ’ﬂgeeﬁm
obt ai 1 AN STEBRFITE 86 AASHEIES RSB o S Pares HistPiRle sughds

di el eCTch@alFr‘r%"&?:@éH dtrmlaBfik dY 8llifoRREm AGHRASE alt@@ah(r&?kﬁl@%b%ﬁhfeaﬁe
The boron-nitride |'ayers al so have properties that are desirable for

back- esgmprised 9k adip¥ mateialnsTha subsirate B1Ryealse gpmpdse [agyiasdatinByer.| n
an exepplaL L RAHLIE He indLROAG My id HERAHS Br A i858 L Ak FHOR tHE

group consisting of silicon oxide, silicon nitride, silicon oxy-nitride and a high-k

dielectric layer,
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are introduced into a chanber and reacted in the presence of a plasna

provi ded by RF power to deposit a boron nitride |layer on a substrate
in the chatt@ePlHHa® di bor ane was introduced i nto the cH&HIER0044039456

flow rate of about 3000 sccm 5% in N2, and the anmoni a was
introduced into the chanber at a flow rate of about 150 sccm The RF

power V[ﬁl?e?gr oVjdegicak eglgélﬂﬁirgéﬁ&g\ré{f?ﬁe ﬁ{ﬁs{éﬁgfﬁ%ﬁ%no%p&éeﬁa%égﬁ ;[1 2§gbg 312

chanber pressure was a a e spacl ig'was a
m | s. Boapberfoimeédief baperrstrige; whichwnag beedapedr @t iasludaihgtrageppshiorine

rates, and desirable ow di el ectri,c gonstants wer.e obtai ned. powin a
o e herpoERidsy of serkft i eSS sitiadiBaRt o e Tl Shh T Pave &
ni t r ogevalod batviiddigalPs @CUT S0 ot 10} shas Bebidul 3.9anarRUS.DY , THe boron
silicon-contai ning precursor nmay also be introduced into the chanber

wi th t HETig8rIBKerE JReKi 3PH HepFierssr BlidenlRrernBaKng b giRSE Setueen 9 GPa
P ecur s@inhBsdifé Bhd 18] EPhliandte, §06n 80ACBNSRPRKEAREPRSgrodf 1RirPhbout

| ayer may have a dielectric constant of |ess B
br eakd@u GRSl ey eomprepsivatsiressiibal is legg/tban ahadt 8.3 6klkkade additioanboren

| ess t - . [ i iyf J d-or
deposi ?‘?ﬁ&éga’%@wa@%ﬁe%%%&w ?%%%@Fﬁagé ﬂtée r é%tgxrreg%ggél{lérggﬁgg m
Si H4, 66 Oorec embigkiBnerit) Ae roceds?ienfirailod s detwed? Hibouy di0eP@t fongbaut
pl asma 0 WRF power at 13, il intainin hanber

Pond ¢ 11000 G sughcre Reiieepranat Dol e abgin Sodf e efptie SR Smapout
mls. QpoPoragblapout 150°8.BN | ayer may be UV cured for 10 m nutes at
400C. [On] Fol | owi ng deposition, the boron nitride material |ayer may
be treated to ify the |layer properties, such as breakdown,

i el cctioRg] corSBRTon BRropaTyge rErasl IPUSe B hEN oR FodTAGS ead low

i ncl udeaieRl RAAMPERSES As 88Nt hevdirPI8fer With & Wigh Bep@Verage hiw gl
anneal process, e-beam cure and conbinations thereof. [Oon]In

enbodi feWR's PRIFeRtAgeh of Hayarr Bugkness diieisnre deetwepn adifferept guislases tafea

pl asma 0 AW i i he

Bor on ne3taERa, ok a1, A CRF Bokt Mart ATBr WAR1B bBp MokbRdel The |
may be ppitemn deatihy dtfecpolRbE)diE idetinedl ao the speaentagad ok llaydrr tdekness
and/ or substrate support. electrode of the cha r .., The RF poyer y
o pr ofTisEs R bEWSeh AP BV e B Roflisn, Pocrt 65 MRcbalisht o B vallch
as bet wearfeatwelin 3Gudsaaed iom with @0feW featuras $am Hokatb® arda) erides tayedf
bet ween about 100 kHz up to about 1 , for,  exampl e, about 308 kI—E
to abolfliCHRISIeE @ CRITRPORIPGURITIPR\AL 2 FRAtSlR @ “%te\/\'?%'fa‘_ L u'?'g_
5000 Wgepsigh o@sfegﬁir@@eﬁu AAYE HRa)V and @peuta 1008 Wandin %édiﬁgl &t gh
frequency of greater than about 1 MHz, such as greater than about 1
MHz up Petreatage refectsiahighestlaysrdhiskeessimiiprmily acimss ersvisiraiel y, the RF
power rmay be provided at a m xed frequency including a first

{1 equepghobet YeahoabaubaHkire Ypaded ERANtard Mlikeq i BERTBATiGepOU!

300 kHz to about 400 kHz at a power ~between about Wand a
5000 Weanliog aagasatixtaeningliding 3 dowragehtaibing pre00Goy)/a aivggan-<eotaining

s up e est o Sarbha, A thed &A% puBF pding SR lons TR o BREVD
bet weesharbet. 2 Mitabik REGUD SAOOWér ug xS bawiden cahmdrcially \Avaitable
ot 0SB B B a3 58 P ST T eat ment
[c070] The boron-containing precursors include diborane (B:Hg), B:zHs, borazine
(BaNaHs), an alkyl-substituted derivative of borazine, tri-methyl borine, (B(CHas)s),
BCl;, and combinations thereof. The nitrogen-containing precursor may include
ammonia, hydrazine (NoHg4), and combinations thereof. Suitable inert gases include

helium (He), argon (Ar}, nitrogen (N2), xenon (Xe) or combinations thereof, among
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ni trogen-contai ni ng precursor and/or one or nore dilution or inert
gases with the nitrogen-containing precursors includin N%U NH? _
N2H4, or cBREMYAT8hs thereof, and dilution gases that 2pioodegss
Ar, He, H2, Xe, or conbi nati ons thereof. The pl asma treat ment gas
may be introduced into the chanber at a flow rate of between about 5
sccm a 0

scom - daneig A, e hltofin DENARA Blskleel Ay BUARH, GIFCX
charrberga‘sosuca gseargou, fufliutm, rlrﬁ'drcrgseohoasenmtween about 1 second and
about 2 hours such as between about 1 second and about 60 seconds.

The ch S t '%F%

Torr, 3% @3 Sfarure o%r%% Mﬁ%@t ??trs”ljﬂ%ﬁg%r%" c%fa%r%ér(rép"rrg}ye
be bet varenp abnsn’stuﬂj)@f arsilmimemdntérﬁﬂ@(bcﬂmmmgi tmeamo&a:bn’mming lcompeasdd
hi gh frequ ease ow r at.es,

1 St o EbineRoRS hersBh i SRade iiobistd iR 18 Pradetting the

r ef r actdagRsitinH &f t}ﬁlsf bb A mﬁi@ul |éyeng Auey;@étﬁ/ea,ndme B6hpased intag [4%:] :ﬂtr@dltltfdcb
properties of the |ayers. Exanples of chanmbers that may be used for

t he pl a8t 9FB§€@§V B?fé’“t REA resitiosef fied> PSRONIKREYET-OT PECVD
chanbers. [0084]1n enbodi nents in which the treatnent conprises a W

cure prigeRss., SGl?ﬂBWCBH‘fp%UHHQ@I@a?smﬁﬁbeqmn@@uéé?f R‘Pﬂﬁe‘ BorbAShigid88material
charrber as' the deposition chanber or in a chanber which is part of an

i nt egr deyer inelHe: Rut arenaptiliemied He, a@mp@m@mu@m mrérrsqrﬁ. GHgit Bstsilane,

ggron %é Uik A REAYERIAERASIARL (TR, OB, hQﬁarthgrégaonrsﬁm

PRCDUCEHMGTZ))I eﬁllf-lsaiﬂm(t with 1 beihgdes akyPEOWP, dtamgmew denvatimes therkef, bodon
nitride

Conal 1 conbiodiand HERES. | Elnort-ROTENT'E Tirdiser bEEG, Mo S R formula

about IQ H3Y, QFEu&n(ésahmtﬁar?eﬁQCiﬁQT rCag, sushvbst etiyierrupOsHy), OARS! aind e
of between about 20C and about 1000C. The substrate sup ort

t enper fOMRENatNS feren), ARce OFYIRILSANAINNG, PIesUsers stUﬁan | BYGER hiTe):
or equadzohe (b nﬁﬁ@é&rﬂét(ﬁoﬁ URRGES okiBERRLES, %ﬂ)dﬂ%rbﬁGew@z}jm

process. [Ous]'T cure process nmay use a processing gas conprrsrng

an n{) nerandga@ml:anatlomrsO@laere@ nead nPhesRirmsouspoRifgh - caspaiingisn gsuphs  asor
Frow r SeSBimb APER mal b TuRRcBS hid BREHFSESURL Cotdiber BTG thort

t r eat manitride Tdepositivoep®icags.gadsurttey detaild ohvdbe |meﬂnodae‘oc hﬂapbertlng droran-
period of. ti such .as between, about .1 s and hours, such
Pe" bet Vg aBNER Ehaa T PR Ieb BUaPe B R SRR e df i imonly
beI pr g\asdrgdebxu BnPatdhit dpplicgtionsSeialago. MEIV2ES, 2570 filed WA\aINaI 1, |2@0B%md
ul sed xenq
P % Provisional Patent Application Serial No. 60/949,796, filed on July 13, 2007,
which are incorporated herein by reference to the extent not inconsistent herewith.

f0073] The boron nitride layer may be deposited on the substrate in the chamber
from the boron-containing precursor in the presence or absence of plasma in the
chamber. Suitable deposition chambers that may be used include the PRODUCER®
SE and PRODUCER® GT PECVD chambers, both of which are available from
Applied Materials, Inc. of Santa Clara, California. The processing conditions
provided herein are provided for a 300 mm PRODUCER® SE chamber with two
isolated processing regions, with one substrate per processing region. Thus, the
flow rates experienced per each substrate processing region and substrate are half

of the flow rates into the chamber.
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flash | anps, or high-efficiency W light emtting diode arrays. The
UV radi ati on may have a wavel ength of between about 170 nm and about
400 nm f oWOSYMETI8? The UV radi ation may have a si ngl &GHARVRINASH
such as 172 nm Alternatively, the UV radiation may be provided by a
broad band UV source that provides wavel engths greater than 200 nm

The tr nt C rise e si,ng .the d si,ted material ,to between
about TOUALt 1 cHBE SRS TOBE) W (o aTIDRS RYeT o, APRtpd dnay iisha
and t hesilidohy silicet-edntaidthigabt gRasEBMb§IFaE] dhedupBRAIRMEYBE GYbdrelsebbirae
Vol ts) between about 0.5 eV and about 10 eV, such as between about 1

5
eV and UGHYE @9 MmprecRysrg of Brtefiat Kerpeiied Rereqmangor featyraspformed
perforghaehly cure process post-treatnment is a NANOCURETM chanber,
avai lable from Applied Materials, Inc. of Santa Clara, California.
[0087] Typical ly, the UV cure process renoves hydrogen fromthe |ayer,
whi ch i[978ksi rlBbpee gmbgdimegbnacheroni ritridee layer oisgHeporitedabyra dharmalt o
sem co IR | of; £ h n%lﬁ%ﬂ, e L abld d ty, a
devi ceq%grsmgglg%ﬁt rgé@ssl? bé’t%’a%e. ééﬂ%/e%rg?éejssgr g@g@@ﬁ@gﬁ?&&f p‘?]%a?%n
densi f inigde Hayéraine theamblsémesr ofise plashw trerike |advasthess theotermperahgeof a0

Qo kST Re b g g idien T Ra B0 S B el HloBy JOBS (A,
t he san@0otEnoeexamph)ibeiwédre abonoBOGHC andl@bbay 800G aridepespreesurerina
di fferent chanmber. The deposited naterial is anneal ed

t enper A%CEAMREF My QBOQPé‘P"?ﬁ'é bsPmdRrT 3 &Pt eo 1%%%8&%@%{%

gas, apefleShT idpedt abordr fpld hBsutl\BoPaBm Cllirfg WY o%ohﬁbﬁpﬁ%%eﬁoidﬁo
the chanber at a flow rate of between about g sccm and about 50 slm

such asop&EiNRGnNEBeaR-COLtadtRgn aadoRIReNtaining] exyeRI-EoTHainig andasilisan: .
The pr [; j 0 i
e s SORRHIAGRRARIIRY pif £ PSHULA 1 $BTHERRRDEE earfe Bffe, 8Pt a
bet weemnesh@ctiez dodgatenteinment alRmit 5 sncme and Heut BQrdray syeheas inebvemy 10e
bet ween_about, 10 mlor,r d about_ 760 Torur nd th emperature of a
ouber s Span At AT Sy, i, ReptGes v % todited 1 b et ok
1000C eatei gwbbe dboaBEgtin abd aipue S0odimg Ratkh eissbétiietn aoubd sIfednd or
t he the annea_b@%rocess are the PRCDUCER(h)h&?g and PRODUCER(r

[ 8ad f

I R or
PECVD BRAHIHS S acing hewesnisbIionsh ambesepddhe ﬁ\élgst?ate

deposi %Qﬁpdfﬁﬁ%zit@ betvEBn BBBUIS0 AME @ndlabbliEshdeRiisent s descri bed
above, i.e., cure processes, plasma processes, and thernal

processes. For_exanple, the deposited material may be treated with a
W cur B0fflocesSnenfxaimipie, of gl Henmah hace-gitrige, slanesitigppPracass odRsiupas

whi ch Bidaush§RISSI4AE 298 R0 rafe BF PAGRLcRA hebAudifgdhitonia at a flow rate
of 800 scem, introducing nitrogen at a flow rate of 2400 scem, through a showerhead
spaced 250 mils from a substrate surface, at a chamber pressure of 20 Torr for 15
seconds.

[0077] Optionally, a plasma may be generated for the above boron nitride
deposition process by applying a RF power to a showerhead electrode and/or a
substrate support electrode of the chamber. The RF power may be provided at a
power level between about 2 W and about 5000 W, such as between about 30 W
and about 1000 W, at a single low frequency of between about 100 kHz up to about
1 MHz, for example, about 300 kHz to about 400 kHz, or at a power level between
about 2 W and about 5000 W, such as between about 30 W and about 1000 W, at a

single high frequency of greater than about 1 MHz, such as greater than about 1
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effect are required, such as when the boron nitride |ayer is
deposited as a spacer | ayer over a gate stack, multipl cles

deposi tion W0 [516?9 deposition treatnent my be perfornPEcély %\@’08%36
nore |layers of material nay be deposited sequentially or

si mul t aneously under plasma conditions in plasma enhanced chemi cal
vapor qgpOsid {0 2ot RS, & e&SH@?é,al% e Ualib gt %e'ﬁe olvefthay
500C to pfoduCe a conposite spac | ayer having an o Veral'l val ue “of
about lbelptamdddmxta ﬁﬂked[fm.bhénj/ frivhudirig al‘imstdeqmnenl:y batveerth about 100 kHz
post - trearre S escrlb ove_ ar i be t{h respect to

B ol o Wosbapeyioh¥Biz 357 SiaraiaBsHad Figf & BhorCindld e e BFtp: foder
bor on rbétfvbsﬁ db@meeswa@wa@edt eowrwh BaGcH esqidwéererab@dt gerwsad abbet

i nvention may be fornmed by nultlgleccles of deposition and

post - trmorr\éfntandlawsemﬁ fmeacm greatasdham ahput 1 Mznsueh ag greater than
deposi tae f QJ@HEWR%%%% BB"I\HH%Sfofi’_Bké(m tef 736 WP, &f %tpt&%re‘ﬁ?é\}er %Qtv@}éé?\a'
t hi ckness ost-treate hi's deposition and posttreatnent
sequencabauh Weanyeah‘out £ee0 Wi Isuchlas btei\ne@\ abhott| 30aWdd aleatt t1IR0BRMMess i s
achi eved. For exanple, |ayers having a thickness of about 2 Ato

about 5000 88 SKBRRBrie oA yitif 1he, BBHooH NG, ol Rl BB eIne

about | ayers, ormed i n each cycle on an
post -t rmﬁbgmnbomampfg pmcemohare/[éaetemhm the ppmefnoe oé plasmh@rcs\admboron
chanber ffe ent chanbers.that share a on, transfer c

or 1 B BproC HEhAS Pregeriss ot “SAonesat dib hef PAReT apPlsHliane:

[ 0092] IBbr@nenmmh@; Qe uBEd b @D Hardmbgle Aqiieatidn dor Pb%ﬁ&ﬁn ilisbep
coverage of greater than 95% and a pattern | oadin ct of |less

ef

than 5R%NEFENoRRGHRIeCIiR SFaPISEETeI FPr @B W ch GRiRERNiGR A POthe
f ol | owipg SPU@Btér?:Pg 3 0 e Qﬂuo% B %rﬂié] hitflge, I%Eéctﬁ;eiya have been
deposition rate A per cycle using 400 sccm of borane and 2000
sccm ofobtkinedgeArgan mayhberssidegr tosther ermrmmmuranf@ @“@gﬁaﬁbﬁn@eﬁmmo
mls faq S n [ a
ol aam (SRS PP oRS e ApEekk HG bRk VBl a0k Jrhe OBy fffle LR
boron nrdlgs ibdee | mypertievttrateare deara'b:lleismabpcloeadsnfdmuepappie:atlum isgch G
sccm of _ammoni a apd 2000 sccm of nitrogen for 10 seconds/cycle with
300 W S°PRE" BYWEF '&YEr%13. 6 MHz. The boron nitride |ayer had a
dielectric constant of 4.7. W) 2009/ 137199PCT/ US2009/ 039356 [0093]In
anot herpogrgpodi It exemplanesmbagiatentieibdrand efiioridtwith piirohbe asdaremonia
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applications. The SiBN layer may have a dielectric constant of less than 5.5, a
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plasma process may be performed in the same chamber in which the boron nitride
layer was deposited or a different chamber. The plasma may be provided by RF
power delivered to a showerhead electrode and/or a substrate support electrode of
the chamber. The RF power may be provided at a power level between about 2 W
and about 5000 W, such as between about 30 W and about 1000 W, at a single low
frequency of between about 100 kHz up to about 1 MHz, for example, about 300 kHz
to about 400 kHz, or at a power level between about 2 W and about 5000 W, such
as between about 30 W and about 1000 W, at a single high frequency of greater
than about 1 MHz, such as greater than about 1 MHz up to about 60 MHz, for
example, 13.6 MHz. Alternatively, the RF power may be provided at a mixed
frequency including a first frequency between about 100 kHz up to about 1 MHz, for
example, about 300 kHz to about 400 kHz at a power level between about 2 W and
about 5000 W, such as between about 30 W and about 1000 W, and a second
frequency of greater than about 1 MHz, such as greater than about 1 MHz up to
about 60 MHz, for example, 13.6 MHz, at a power level between about 2 W and
about 5000 W, such as between about 30 W and about 1000 W.

[0083] The plasma treatment may use a plasma treatment gas comprising a
nitrogen-containing precursor and/or one or more dilution or inent gases with the
nitrogen-containing precursors including Np, NHz, NoH,, or combinations thereof, and

dilution gases that may include Ar, He, Hz, Xe, or combinations thereof. The plasma
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treatment gas may be introduced into the chamber at a flow rate of between about 5
sccm and about 50 slm, such as between about 100 sccm and about 500 scem,
during the treatment. The plasma gas may be flowed into the chamber for a period
of time, such as between about 1 second and about 2 hours, such as between about
1 second and about 60 seconds. The chamber pressure may be between about 10
mTorr and about 760 Torr, and the temperature of a substrate support in the
chamber may be beiween about 20°C and about 1000°C during the treatment.
Increased high frequency RF power, increased NHj flow rates, and longer treatment
times of the plasma process can be used to lower the refractive index of the resulting
layers and increase the dielectric properties of the layers. Examples of chambers
that may be used for the plasma process are the PRODUCER® SE and
PRODUCER® GT PECVD chambers.

[0084] in embodiments in which the treatment comprises a UV cure process, the
UV cure process may be performed in the same chamber as the deposition chamber
or in a chamber which is part of an integrated tool that includes the deposition
chamber in which the boron nitride layer was deposited. For example, the UV cure
process may be performed in a NANOCURE™ chamber that is part of a
PRODUCER® platform that includes a PECVD chamber in which the boron nitride

tayer is deposited.

[0085] Exemplary UV cure process conditions that may be used include a
chamber pressure of between about 10 mTorr and about 760 Torr and a substrate
support temperature of between about 20°C and about 1000°C. The substrate
support temperature for the UV cure process may be greater than, less than, or

equal to the substrate support temperature during the deposition process.

[0086] The UV cure process may use a processing gas comprising an inert gas, a
nitrogen-containing gas, an oxygen-containing gas, or combinations thersof, which
may be introduced into the chamber at a flow rate of between about 5 scecm and
about 50 scem during the treatment. The processing gas may be flowed into the
chamber for a period of time such as between about 1 second and about 2 hours,
such as between about 1 second and about 10 minutes. The UV radiation may be

provided by any UV source, such as mercury microwave arc lamps, pulsed xenon
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flash lamps, or high-efficiency UV light emitting diode arrays. The UV radiation may
have a wavelength of between about 170 nm and about 400 nm, for example. The
UV radiation may have a single wavelength, such as 172 nm. Alternatively, the UV
radiation may be provided by a broad band UV source that provides wavelengths
greater than 200 nm. The treatment may comprise exposing the deposited material
to between about 1 Watt/cm? and about 1000 Watts/cm? of ultraviolet radiation, and
the ultraviolet radiation may provide a photon energy (electronVolts) between about
0.5 eV and about 10 eV, such as between about 1 eV and about 6 eV. An example
of a chamber that may be used to perform a UV cure process post-treatment is a
NANOCURE™ chamber, available from. Applied Materials, Inc. of Santa Clara,

California.

[0087] Typically, the UV cure process removes hydrogen from the layer, which is
desirable as hydrogen can diffuse through the layer and into semiconducting regions
of the substrate and degrade reliability of a device formed on the substrate. The UV
cure process also typically densifies the layer and increases the tensile stress of the

layer to greater than about 2.0 GPa.

[0088] In embodiments in which the treatment comprises a thermal process, the
thermal process may be performed in the same chamber in which the boron nitride
layer was deposited or a different chamber. The deposited material is annealed at a
temperature that is above the deposition temperature. A processing gas, as
described above for the UV beam cure, may be introduced into the chamber at a
flow rate of between about 5 scem and about 50 slm, such as between about 10
scem and about 1 slm, during the treatment. The processing gas may be flowed into
the chamber for a period of time such as between about 1 second and about 10
hours, such as between 10 seconds and about 20 minutes. The chamber pressure
may be between about 10 mTorr and about 760 Torr, and the temperature of a
substrate support in the chamber may be between about 20°C and about 1000°C
during the treatment. Examples of chambers that may be used for the thermal
anneal process are the PRODUCER® SE and PRODUCER® GT PECVD chambers.

[0089] Further embodiments include treating the deposited material with two or

more of the treatments described above, ie., UV cure processes, plasma processes,
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and thermal processes. For example, the deposited material may be treated with a

UV cure process and then a plasma process.

[0090] For applications in which high step coverage and a minimal pattern loading
effect are required, such as when the boron nitride layer is deposited as a spacer
layer over a gate stack, multiple cycles of deposition and post-deposition treatment
may be performed. One or more layers of material may be deposited sequentially or
simultaneously under plasma conditions in plasma enhanced chemical vapor
deposition reactors at temperature equaling to or less than 500°C to produce a

composite spacer layer having an overall k value of about 1.1 to about 10.

[0091] Although the deposition and post-treatment steps described above are
described with respect to a single deposition step followed by a single post-treatment
step, boron nitride layers provided according to other embodiments of the invention
may be formed by muiltiple cycles of deposition and post-treatment. [n such
embodiments, boron nitride material is deposited to a thickness that is only a fraction
of the desired final thickness and then post-ireated. This deposition and post-
treatment sequence may be performed multiple times until a desired thickness is
achieved. For exémple, layers having a thickness of about 2 A to about 5000 A, for
example, about 2 A to about 1000 A, for example, about 20 A layers, may be formed
in each cycle. The deposition and post-treatment steps in each cycle can be
performed in the same chamber, in different chambers that share a common transfer
chamber, or in different chambers that do not share a common transfer chamber.

[0092] In one example of the boron nitride deposition process, a step coverage of
greater than 95% and a pattem loading effect of less than 5% were obtained when a
boron nitride layer was formed under the following conditions: depositing a boron
nitride layer at a deposition rate of 20 A per cycle using 400 sccm of diborane and
2000 sccm of nitrogen at a chamber pressure of 6 Torr and a spacing of 480 mils for
5 seconds/cycle; and treating the boron nitride layer with a plasma process to
incorporate nitrogen into the fayer and form a boron nitride layer, wherein the plasma
process comprises using 100 sccm of ammonia and 2000 scem of nitrogen for 10
seconds/cycle with 300 W of RF power at 13.6 MHz. The boron nitride layer had a

dielectric constant of 4.7.
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[0093} In another embodiment, a liner layer may be deposited on the spacer
layers. Alternatively, the line layer may be deposited before and/or after the spacer
layers. The liner layer may be deposited in situ with the spacer layer in the same
chamber or same processing tool. The liner layer may comprise silicon nitride and
can be deposited a deposition temperature of 1000°C or less in a plasma enhanced
CVD process or a thermal enhanced process. The silicon nitride deposition process
including a silicon source, such as silane (SiH,), a nitrogen source, such as ammonia

(NHa), and an inert gas, such as nitrogen gas (Ny).

[0094] The boron nitride material layers may also be used for hardmasks that
may be sacrificial or left in structures after patterming. For example, the boron nitride
material layers may be boron nitride or boron oxide layers that are hard masks for
etching oxide, nitride, silicon, polysilicon, or metal layers. The boron nitride material
layers may also be used for “gap-fill’ applications with a dielectric liner. Boron nitride

material layers have been effectively produce in a dual patterning scheme.

[0095] The boron nitride material layers may also be used for back end
applications, such as copper barrier layers or as adhesion layers between copper
and copper barrier layers, for example, by forming CuBN, CuPBN, or CuBCSiN
layers there between. The copper barrier layers may be used in conventional
damascene structures or structures that include air gaps that are formed by

depositing and then removing a sacrificial material.

[0096] In addition to layer composition, other properties of the boron nitride
material layers, such as refractive index (RI} and step coverage, can be tailored by
introducing other precursors into the chamber during the introduction of the boron-
containing precursor. Layers deposited using BaHg, BoHs+NHj3, BoHg+SiH4, and
BoHe+NH3+SiHs were compared. The BoHg+SiH,4 layers had the highest refractive
index. Layers that were deposited using an additional precursor rather than ByHg
alone had improved uniformity. The B:Hs+NH3+SiH4 layers had the best siep
coverage. For example, a bottom/top step coverage of 91%, a sidewall/top step
coverage of 91%, a top PLE of 0%, a sidewall PLE of 7%, and a bottom PLE of 5%
were obtained using the following conditions: 400 sccm BaHg (5% in Ng), 40 scom

SiH4, 200 sccm NH3;, 4000 scecm No for 15 seconds followed by a nitrogen plasma
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layers and silicon nitride materials.

[0098) Table |

Layer Properties SiN BN BN
Deposition Temperature 480°C 400°C 480°C
Deposition Rate (A/min) 500 400 1200

Stress (MPa) 800-1000 -50 -150 to -300
Step Coverage (32 nm 80% 100% 100%
SADP Structures)
Woet Etch Rate Ratio
(100:1 HF)
Thermal oxide 5-200 2.4 0.3
Wet Etch Rate Ratio
HsPO4 (250°C) 70 45 108
Wet Etch Rate Ratio
SPM (4:1 H2804!H202) ’ <0.1 3.7 4.5
Step Coverage,
S/T 80% 100% 100%
B/T 80% 100% 100%
Pattern Loading Effect <10% <5% <56%
(PLE)

[0099] The boron nitride layers provided herein typically have a step coverage of
greater than 80% when they are deposited on patterned substrates. The boron
nitride material layers further seem to have less than 5% pattern loading and
conformality of 95% or greater. Boron nitride has been observed to have desirable
etch properties for spacer layer materials in process flow requiring hydrogen Fluoride
(HF} wet cleaning or no cleaning steps. The boron nitride material layers also have

good gap fill propetties, for example, no void or seam formation in the filled gaps.
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ther et Qoncentration results in a reduced dry and wet etch rate, thereby, improving the etch
selectivity to oxide efch stop layer. An etch selectivity of boron nitride material layer
to oxide layer of between about 1:1 and about 1:100, such as between about 1:3.7
and 1:4.5, has been observed for boron nitride materials deposited according to the

processes described herein.

[0102] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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depositing a conformal boron nitride material |ayer on the
sacrificial mask and sem conductor stack; etching the boron nitride
material |ayer to provide a spacer mask having spacer |ines adjacent
to the sidewalls of the sacrificial sk and to expose the top
surface of the sacrificial mask; degg'ﬂﬁ ng and patterning a

phot oresi st | ayer %Ppye the spacer mask and the sacrificial nmask to
expose a!ﬂgﬂﬁﬂéﬁiﬂi—ﬁhe spacer mask; etching the exposed end-portions
that are continuity between pairs of spacer lines prior to renoving

t he sacriffi ci Almeimskior fabitality®yémigoidietos mask, cb@pa@dingrask. 2. The

met hod of claim1, wherein the boron nitride material |ayer further
conpri ses carbon, mplidiopa sewishartictos staolk heyping a eacriiciaimmash disppsedt asiacent |
3. The met hod of é .1, wherein the boron nitride material |ayer
conprises a base boron'nitride material |ayer and a |liner |ayer

di sposed on the bagpodifiPR cBhfofmdl Bofrt Riridalmdtensdlayedon HeesamRtAA nadk
claim3, wherein the etching the boron nitride material |ayer to

provi de a spacer rRSIEeRRPAYELSagKi sotropi c etching the liner |ayer
to expose the base_ horo itride. materi.al, | ayer and isotropic, etching
he oxposed base BURDIS Mot i PEainpier ) ay 6 erdhie, SBHET G Gheke

claim 4, wherein tdpacdrilines adjageat tccthepidesalls ofithe eanificialt mastteanairtd ekpese
sacrificial mask ¢ rises a material selected fromthe group
B fopiifTpecd MegaeT i ek

consisting of sili 18" "§R*'de, anorphous silicon,
anor phous  car bon, &Bgsifﬁ%n?ﬁd]%ﬂeﬂﬂ@ E%'E)ﬁ)?ésist layer above the spacer mask and
the sacrificial mask to expose a portion of the spacer mask;
etching the exposed end-portions that are continuity between pairs of spacer

lines prior to removing the sacrificial mask; and

removing the sacrificial mask.

2. The method of claim 1, wherein the boron nitride material layer further comprises

carbon, silicon, chlorine, oxygen, or combinations thereof.

3. The method of claim 1, wherein the boron nitride material layer comprises a base
boron nitride material layer and a liner layer disposed on the base boron nitride material

layer.

4, The method of claim 3, wherein the etching the boron nitride material layer to provide
a spacer mask comprises anisotropic etching the liner layer to expose the base boron

nitride material layer and isotropic etching the exposed base boron nitride material layer.
5. The method of claim 4, wherein the liner layer comprises silicon nitride and the

sacrificial mask comprises a material selected from the group consisting of silicon nitride,

silicon oxide, amorphous silicon, amorphous carbon, and combinations thereof.
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